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Abstract 
 
Spontaneous imbibition controls the hydrocarbon recovery of water-wet and mixed-wet reservoirs, especially those that 
are dual-porosity (low-permeability matrix and high-permeability fracture) in nature.  1D numerical simulations of the 
spontaneous imbibition of water in water-wet systems were performed in this study using Eclipse®-100, a conventional 
reservoir engineering simulation software.  Co-current spontaneous imbibition models for a water-gas (air) pair were run 
for three different carbonate cores – Portland, Estaillades and Ketton – of various permeabilities, with no initial water 
saturation (Swi = 0), to test the validity of a new analytical solution for spontaneous imbibitions formulated by Schmid et 
al. (2011; in review) and a general scaling group for imbibition by Schmid and Geiger (2012).  The results of this study 
honoured the fact that the amount of spontaneous water imbibition increases as square root of time, √t.  The new 
analytical solution, which employs Darcy’s model of immiscible, incompressible two-phase flow through an infinite 
homogeneous porous medium, was successfully verified by the 1D numerical results of all three carbonate cores used in 
this study.  The scaling group proposed by Schmid and Geiger (2012) to predict hydrocarbon recovery using a 
dimensionless time, td, was also demonstrated to be valid.  At the end of this report, recommendations have been made to 
further validate the analytical solution.  These include extending the analytical approach to 2D and/or 3D numerical 
simulations to investigate how the predicted results are influenced by finite size effects, heterogeneities and gravity, as 
well as performing more laboratory experiments on cores with different initial water saturations.  To predict imbibition 
profiles, three important elements must be known: two relative permeabilities and capillary pressure.  Hence, it is also 
discussed how analytical solutions (the Buckley-Leverett analogue and this new analytical approach), the results of 
imbibition and conventional waterflooding tests, and other measurement techniques, such as pore-scale modelling by 
Valvatne and Blunt (2004), can be employed as useful reservoir engineering tools to constrain relative permeabilities and 
capillary pressures to make better predictions of field-scale hydrocarbon recovery of fractured reservoirs.   
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Abstract 
Spontaneous imbibition controls the hydrocarbon recovery of water-wet and mixed-wet reservoirs, especially those that 
are dual-porosity (low-permeability matrix and high-permeability fracture) in nature.  1D numerical simulations of the 
spontaneous imbibition of water in water-wet systems were performed in this study using Eclipse®-100, a conventional 
reservoir engineering simulation software.  Co-current spontaneous imbibition models for a water-gas (air) pair were run 
for three different carbonate cores – Portland, Estaillades and Ketton – of various permeabilities, with no initial water 
saturation (Swi = 0), to test the validity of a new analytical solution for spontaneous imbibitions formulated by Schmid et 
al. (2011; in review) and a general scaling group for imbibition by Schmid and Geiger (2012).  The results of this study 
honoured the fact that the amount of spontaneous water imbibition increases as square root of time, √t.  The new 
analytical solution, which employs Darcy’s model of immiscible, incompressible two-phase flow through an infinite 
homogeneous porous medium, was successfully verified by the 1D numerical results of all three carbonate cores used in 
this study.  The scaling group proposed by Schmid and Geiger (2012) to predict hydrocarbon recovery using a 
dimensionless time, td, was also demonstrated to be valid.  At the end of this report, recommendations have been made to 
further validate the analytical solution.  These include extending the analytical approach to 2D and/or 3D numerical 
simulations to investigate how the predicted results are influenced by finite size effects, heterogeneities and gravity, as 
well as performing more laboratory experiments on cores with different initial water saturations.  To predict imbibition 
profiles, three important elements must be known: two relative permeabilities and capillary pressure.  Hence, it is also 
discussed how analytical solutions (the Buckley-Leverett analogue and this new analytical approach), the results of 
imbibition and conventional waterflooding tests, and other measurement techniques, such as pore-scale modelling by 
Valvatne and Blunt (2004), can be employed as useful reservoir engineering tools to constrain relative permeabilities and 
capillary pressures to make better predictions of field-scale hydrocarbon recovery of fractured reservoirs.   
 
Introduction 
Spontaneous imbibition is the immiscible displacement of a non-wetting fluid out of a porous medium by a wetting fluid, 
driven by free surface energy through the action of capillary pressure only and therefore occurs only for positive capillary 
pressures (Fig. 1(a)).  This capillary-dominated process is brought about by the energy minimization phenomenon which 
describes the tendency of any system towards achieving its lowest energy state possible (Evans and Guerrero, 1979).  
This capillary-dominated flow mechanism may seem insignificant but spontaneous imbibition, in fact, has numerous 
applications in our daily lives such as the use of cloths to absorb spilt liquids or ink being transferred onto paper (Morrow 
and Mason, 2001).  Moreover, spontaneous water imbibition is recently gaining paramount recognition in the research 
and development sector of the oil and gas industry due to its potential in becoming one of the most valuable concepts for 
solving various practical reservoir engineering problems.  
Spontaneous imbibition of water can only occur in water-wet or mixed-wet reservoirs, and never under oil-wet 
conditions.  Imbibition can occur in two ways: co-current and counter-current, as illustrated in Fig. 1(b) and Fig. 1(c) 
respectively.  Uni-directional displacement takes place during co-current imbibition in which water enters the inlet of the 
core and displaces oil that then exits through the outlet.  In contrast, for counter-current imbibition, water and oil flow 
simultaneously through the inlet of the core or matrix but in opposite directions.  Both imbibition mechanisms are 
important for the hydrocarbon recovery in dual-porosity reservoirs, which consist of low permeability rock matrices and 
contrasting high permeability fractures.  Although naturally fractured reservoirs with aquifer drives can be initially 
produced by spontaneous imbibition, this production is often short-lived and must be further supplemented by 
waterflooding in order to achieve maximum recovery.  Capillary imbibition forces also determine the rate of injection of 
hydraulically fractured water injectors into low permeability formations and waterflooding efficiency.  If these forces are 
not strong enough, water will just propagate through the fracture network from injector to producer without recovering 
any hydrocarbon from the rock matrix, causing waterflooding to fail (Schembre et al., 1998). 
Escalating energy demands and globalization around the world has driven ‘easy’ oil and gas assets dry, shifting 
the focus of hydrocarbon production onto remaining reserves that are being held in rather challenging formations.  Oil-
bearing low-permeability fractured limestones and diatomaceous as well as siliceous shale formations are a few large 
potential reserves in which imbibition may be a viable recovery mechanism (Morrow and Mason, 2001).  The successful 
waterflooding of the naturally fractured, low permeability matrix, solution gas-drive, chalk reservoirs of Ekofisk Field in 
the Norwegian section of the North Sea (Hallenbeck et al., 1991) is an encouraging example of the contribution of 
imbibition forces in secondary hydrocarbon recovery of unconventional reserves.  
The recent prospective application of spontaneous imbibition in CO2 sequestration and carbon capture storage 
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(CCS) developed as a result of worrying concerns of the rapid growth of human activities which are raising CO2 levels 
around the world and accelerating global warming effects.  It was proposed that when supercritical CO2 is injected into 
an aquifer or a depleted reservoir, spontaneous imbibition will take place where strong capillary forces will cause the 
wetting brine phase to enclose and immobilize CO2 in pores (Pentland et al., 2010).  Comprehending the rate of trapping 
and effectiveness of such mechanism will provide better indication whether a particular rock formation is suitable for 
safe, long-term geological carbon storage.  
 
 
 
 
 
 
Fig. 1–(a) Diagram showing typical capillary pressure curves for spontaneous water imbibition (positive Pc), 
forced water displacement (negative Pc), and secondary oil injection with both spontaneous oil imbibition and 
forced displacement (secondary drainage); Illustrations of (b) co-current and (c) counter-current imbibition.  
 
A thorough understanding of spontaneous imbibition is therefore essential to predict the production performance 
of reservoirs developed by waterflooding, especially those in highly stratified formations and fractured reservoirs where 
the amount and rate of mass transfer between the matrix and fracture greatly influence the recovery efficiency and rate of 
production of the reservoirs (Li and Horne, 2000).  The main objective of this project is to study spontaneous imbibition 
of water in water-wet systems using 1D numerical simulations.  Successful matching of the simulation results to those of 
the analytical solution and laboratory experiments will validate the newly-developed analytical solution for co-current 
and counter-current spontaneous imbibitions by Schmid et al. (2011; in review).  This could potentially be a useful 
reservoir engineering tool in predicting maximum recovery of hydrocarbon reservoirs.   
 
Literature Review 
New Analytical Solution for Co-Current and Counter-Current Spontaneous Imbibitions 
Following successful establishment of the renowned Buckley-Leverett solution (Buckley and Leverett, 1942) which is 
used to predict water saturation profiles for viscous-dominated flow, many authors have subsequently attempted in the 
formulation of an analytical solution for its capillary-driven flow counterpart (spontaneous imbibition).  However, 
unfortunately, many of these published findings made unrealistic, simplifying assumptions such as using a specific set of 
relative permeability curves (Yortsos and Fokas, 1983), a linear correlation between capillary flow and water saturation 
(Cil and Reis, 1996) and steady-state flow (Kaschiev and Firoozabadi, 2003) which are all difficult to be justified by real 
reservoir conditions. 
 The first realistic quasi-analytic solutions for one-dimensional, two-phase incompressible flow for co-current 
and counter-current imbibitions were formulated based on the concept of fractional-flow functions (McWorther and 
Sunada, 1990).  The underlying principles and theory of this approach were agreed and it was further suggested that a 
general, closed-form solution for spontaneous imbibition could be found in the form of an equivalent to the classical 
Buckley-Leverett solution (Schmid et al., 2011).  These findings eventually pioneered the formulation of this new 
analytical solution for co-current and counter-current spontaneous imbibitions by Schmid et al. (2011; in review). 
 This new analytical solution assumes incompressible, one-dimensional flow of two immiscible phases in an 
infinite homogeneous porous medium and was built upon the principles of mass conservation  
 
 ϕ
𝜕𝑆𝑤
𝜕𝑡
+
𝜕
𝜕𝑥
𝑞𝑤 = 0 ……………………………………..……………………………..………..…………….. (1) 
 
and Darcy’s Law, providing an equation below (Dake, 1983; Helmig, 1997) which states that the velocity of water, qw, is 
dependent on hydrostatic pressure gradient, capillary and gravitational forces,  
 
 𝑞𝑤 = 𝑓𝑤(𝑆𝑤)𝑞𝑡 + 𝐾
𝜆𝑤𝜆𝑜
𝜆𝑡
𝑑𝑃𝑐
𝑑𝑆𝑤
𝜕𝑆𝑤
𝜕𝑥
 …………………..…………….………………..……………………….. (2) 
 
where 
 
 𝑺𝒘 + 𝑺𝒐 = 𝟏 ………………………………………………….……………………………………………. (3) 
Pc
Sw
+ve
-ve
Secondary Drainage
Spontaneous Water 
Imbibition
Forced Water Displacement
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Water
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 𝒒𝒕 = 𝒒𝒘 + 𝒒𝒐 ………………………………………………………………………………………………. (4) 
 
 𝝀𝒕 = 𝝀𝒘 + 𝝀𝒐 ……………………………………………………………………………………………… (5) 
 
 𝝀𝜶 =
𝒌𝒓𝜶
𝝁𝜶
 ………………………………………………………….………………………………………… (6) 
 
 𝑓𝑤(𝑆𝑤) =
𝜆𝑤
𝜆𝑡
(1 + 𝐾
𝜆𝑜
𝑞𝑡
(𝜌𝑜 − 𝜌𝑤)𝑔𝑥) ……….…………..………….……………………………………… (7) 
 
In these equations, ϕ is the porosity of the medium, x refers to the water-imbibed distance, Sw and So are the 
water and oil saturations respectively, 𝑞𝛼 is the fluid velocity of phase 𝛼 where t = total, w = water and o = oil, λα 
represents fluid mobility, K is absolute permeability, 𝜌𝛼 is density, 𝑘𝑟𝛼 is relative permeability, Pc represents capillary 
pressure, gx is the gravitational acceleration and fw(Sw) is the fractional flow function of water for viscous-dominated 
flow.   
In fact, Eq. (2) describes the inflow water velocity for the co-current imbibition case.  For counter-current 
imbibition where qo = -qw, this equation is reduced to the following expression, 
 
 𝑞𝑤 = 𝐾
𝜆𝑤𝜆𝑜
𝜆𝑡
𝑑𝑃𝑐
𝑑𝑆𝑤
𝜕𝑆𝑤
𝜕𝑥
 ………………….…………………..…………..…………………………………….. (8) 
 
Since the additional fw(Sw)qt term in Eq. (2) must always be positive, its qw value must therefore be larger than 
that of its counter-current counterpart.  This indicates that when all petrophysical rock and fluid properties are the same, 
co-current imbibitions will always have higher production rates than its counter-current complement.  This deduction 
further supports notable published experimental and numerical findings by several authors which include Bourbiaux and 
Kalaydjian (1990), Pooladi-Darvish and Firoozabadi (2000), and Chen et al. (2003). 
Substituting Eq. (2) and Eq. (8) into Eq. (1) and also introducing a non-linear capillary diffusion coefficient, 
D(Sw), which has the units of length squared over time, the following non-linear diffusion equations for imbibition are 
derived, 
 
 ϕ
𝜕𝑆𝑤
𝜕𝑡
= −𝑞𝑡𝑓𝑤′(𝑆𝑤)
𝜕𝑆𝑤
𝜕𝑥
+
𝜕
𝜕𝑥
(𝐷(𝑆𝑤)
𝜕𝑆𝑤
𝜕𝑥
) …..............………………………..……………………..……... (9) 
 
 ϕ
𝜕𝑆𝑤
𝜕𝑡
=
𝜕
𝜕𝑥
(𝐷(𝑆𝑤)
𝜕𝑆𝑤
𝜕𝑥
) ………………………………..……………………..……………………………... (10) 
 
 𝐷𝑤(𝑆𝑤) = 𝐾
𝜆𝑤𝜆𝑜
𝜆𝑡
𝑑𝑃𝑐
𝑑𝑆𝑤
 …………………….……………………..………………………………………….. (11) 
 
where Eq. (9) and Eq. (10) describe the co-current and counter-current imbibition mechanisms respectively. 
Laboratory co-current imbibition experiments found that water saturation fronts advance into core plugs with a 
time-dependence of square root of time, √𝑡, which will be further confirmed by the experimental results presented in this 
work.  This physical observation is thus included in the new analytical solution, allowing the following expressions to be 
defined, 
 
 𝜔 =
𝑥
√𝑡
,     𝑆𝑤 = 𝑆𝑤(𝜔),    𝜔 ∝ 𝐹
′(𝑆𝑤) …..…….……..……………………………………………………... (12) 
 
 𝑄𝑤(𝑡) = ∫ 𝑞𝑤
𝑡
𝑡=0
(𝑥 = 0, 𝑡)𝑑𝑡 = 2𝐶√𝑡 …….………….…………………………………………………...… (13) 
 
 𝐹 =
𝑞𝑤
𝑞𝑤(𝑆𝑤,𝑚𝑎𝑥)
 ………………………….…………………………………………………………………..… (14) 
 
where Qw is the total cumulative volume of water imbibed per unit area and F represents the fractional flow function of 
water for capillary-dominated imbibition flow. After integrating qw, a proportionality constant of C is introduced to 
quantify imbibition rate and to take fluid-rock intrinsic properties, such as absolute permeability and fluid viscosity, into 
account.  Using these expressions and defining appropriate boundary (𝑆𝑤(𝑥 = 0, t) = 𝑆𝑤,𝑚𝑎𝑥) and initial (𝑆𝑤(𝑥 > 0, 𝑡 =
0) = 𝑆𝑤𝑟) conditions in which Sw,max and Swr represent the maximum and residual water saturations respectively, this new 
analytical approach aims to find a solution that can be expressed in a form similar to the Buckley-Leverett analogue, 
 
 𝑥(𝑆𝑤 , 𝑡) =
2𝐶
𝜙
√𝑡𝐹′(𝑆𝑤) =
𝑄𝑤(𝑡)
𝜙
𝐹′(𝑆𝑤) …..……………..…………………………………………………... (15) 
 
where co-current and counter-current imbibition processes are solely distinguished by the magnitudes of C and F. 
 
Substituting Eq. (15) into Eq. (12) gives, 
 
 𝜔 =
𝑥
√𝑡
=
2𝐶
𝜙
𝐹′(𝑆𝑤) …..………………………...………..…………………………………………………... (16) 
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which can be differentiated with respect to Sw to give, 
 
 
𝑑𝜔
𝑑𝑆𝑤
=
2𝐶
𝜙
𝐹"(𝑆𝑤) …..………………………………………………………………………………………….. (17) 
 
Subsequently differentiating Sw with respect to t and x using the chain rule and employing the variable, 𝜔,  
 
 
𝜕𝑆𝑤
𝜕𝑡
=
𝑑𝑆𝑤
𝑑𝜔
𝜕𝜔
𝜕𝑡
= −𝜔
1
2𝑡
𝑑𝑆𝑤
𝑑𝜔
………………………………..……………………………..………………..…… (18) 
 
 
𝜕𝑆𝑤
𝜕𝑥
=
𝑑𝑆𝑤
𝑑𝜔
𝜕𝜔
𝜕𝑥
=
1
√𝑡
𝑑𝑆𝑤
𝑑𝜔
………..…………………………..……………………………..…………………..… (19) 
 
which can be substituted into Eq. (9) and Eq. (10) to obtain the following ordinary differential equations for co-current 
and counter-current imbibitions respectively, 
 
 𝜔
𝑑𝑆𝑤
𝑑𝜔
+ 2
𝑑
𝑑𝜔
(𝐷(𝑆𝑤)
𝑑𝑆𝑤
𝑑𝜔
) − 2𝐶𝑓𝑤′(𝑆𝑤)
𝑑𝑆𝑤
𝑑𝜔
= 0 ..................……………………..………………..….…….. (20) 
 
 𝜔
𝑑𝑆𝑤
𝑑𝜔
+ 2
𝑑
𝑑𝜔
(𝐷(𝑆𝑤)
𝑑𝑆𝑤
𝑑𝜔
) = 0 ………...............…….………………..……………………………………… (21) 
 
Integrating the above ordinary differential equations once, the following expressions can be obtained, 
 
 ∫(𝜔 −
2𝐶
𝜙
𝑓𝑤
′(𝑆𝑤)) 𝑑𝑆𝑤 = −
2𝐷
𝜙
𝑑𝑆𝑤
𝑑𝜔
 …...……………………………….…………………………...………… (22) 
 
 ∫ 𝜔 𝑑𝑆𝑤 = −
2𝐷
𝜙
𝑑𝑆𝑤
𝑑𝜔
 ……………………………………………………….………………………..………… (23) 
  
where the integration constants here are zero as D(Swr) = 0 and F(Swr) = 0.   
 Finally, substituting Eq. (16) and Eq. (17) into Eq. (22) and Eq. (23), second ordinary differential equations for 
co-current and counter-current imbibitions can be derived as follows, 
 
 (𝐹 − 𝑓𝑤)𝐹" = −
𝜙
2𝐶2
𝐷 ………..………………………………………………………………………………. (24) 
 
 𝐹𝐹" = −
𝜙
2𝐶2
𝐷…………………………………………………….…………………………………………… (25)  
 
in which it is proposed that the values of F and C can be solved numerically using a backward-differencing scheme 
(Schmid et al., in review) or could be determined from integrating twice.  These calculated values can then be substituted 
back into Eq. (15) to determine the Sw-x imbibition profiles.  
It is important to note that this novel analytical approach, however, has two limitations.  The solutions were 
found to be no longer accurate when gravitational effects become significant (Schmid et al., in review).  Moreover, for a 
finite matrix block of length L, the solution is only valid until the water saturation front reaches the boundary of the 
system.  This time at which the validity of the new analytical solution terminates can be found by setting 𝑥(𝑆𝑤 , 𝑡
∗) = 𝐿, 
generating the expression below for ‘early imbibition time’, t* (Schmid et al., in review), 
 
𝑡∗ = (
𝐿𝜙
2𝐶𝐹′(𝑆𝑤𝑟)
)   .…….……………………………………..…………………………….....…….….…….... (26) 
 
It is hoped that the novel establishment of this new analytical solution would be able to assist wettability studies, 
and the prediction of saturation and production profiles for water-wet and mixed-wet reservoirs.  It can also subsequently 
determine the scaling groups which can be used for field-scale simulations.     
 
Scaling Laws for Spontaneous Imbibition 
The first set of scaling equations was formulated based on incompressible, two-phase flow phenomena in a three-
dimensional porous medium which took into account effects of both gravitational and capillary forces (Rapoport, 1955).  
Two different theoretical approaches – diffusion-type and piston-like displacement – were then studied to calculate the 
rate of water imbibition into porous media and it was found that the square of the volume of water imbibed was linearly 
proportional to time, i.e. Qw
2 ∝ t (Handy, 1960).  
Taking this correlation into account, the mathematical differentiation of Leverett’s dimensionless J-function 
(Leverett, 1941) with respect to water saturation subsequently led to a revolutionary scaling imbibition theory (Mattax 
and Kyte, 1962) which shows that laboratory imbibition tests on a representative reservoir sample can scale imbibition 
behaviour for all reservoir matrix blocks of the same shape and rock type by a dimensionless time, tD,MK, expressed as, 
 
 𝑡𝐷,𝑀𝐾 =  𝑡√
𝑘
𝜙
𝜎
𝜇𝑤𝐿𝑐
2  ..……………………………..………..……...….……….................................................. (27) 
 
where t is the imbibition time, k is permeability, ϕ is porosity, σ is the fluid interfacial tension, μw is the viscosity of water 
and Lc is the characteristic length of the matrix block under study.   
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 Mattax and Kyte’s (1962) imbibition theory may seem promising but it was unfortunately limited by the fact 
that it only works for reservoirs of similar pore structures and wettability to those that were used in their study.  The 
formulation of this scaling group not only refocused attention of research on spontaneous imbibition, but also pioneered 
the establishment of many other innovative scaling groups such as Ma et al. (1997), Zhou et al. (2002), Tavassoli et al. 
(2005) and Li et al. (2006).  However, unfortunately, the applicability of these scaling groups is very limited due to the 
fundamentals employed in their formulations.   
It was not until the works of Schmid and Geiger (2012) did a general scaling set of “Master Equations” for 
spontaneous imbibition was formulated.  These were derived from Schmid et al.’s (2011) analytical solution for counter-
current imbibition and used Ma et al.’s (1997) approach of normalizing the water-imbibed distance, x, by characteristic 
length, Lc, which is expressed as follows, 
 
 𝐿𝑐 = √
𝑉𝑏
∑
𝐴𝑖
 𝑙𝐴𝑖
𝑛
𝑖=1
  ……....…………………..…………….…………………………....…….…….…………….. (28) 
 
where Vb is the bulk volume of the matrix, Ai denotes the area open to imbibition flow with respect to the ith direction 
and lAi represents the distance that the imbibition front travels from the imbibition face to the no-flow boundary.  Here, Lc 
compensates for the different experimental boundary conditions and quantifies for the distance that an imbibition front 
travels without meeting a boundary or another imbibition front (Ma et al., 1997).   
 Dividing the cumulative volume of water imbibed per unit area, Qw, in Eq. (13) by the normalised pore volume 
in one-dimension, ϕLc, the dimensionless time, td, for this scaling group can be defined as, 
 
 𝑡𝑑 = (
𝑄𝑤(𝑡)
𝜙𝐿𝑐
)
2
= (
2𝐶
𝜙𝐿𝑐
)
2
....…………………..…….…….……………………………..…….…….………….. (29) 
 
where t is imbibition time, ϕ is porosity, Lc is the characteristic length of the rock, and C is the proportionality constant 
which accounts for all capillary-hydraulic properties and initial fluid content of the rock.  
This set of “Master Equations,” which has been verified by correlating 42 published imbibition tests, not only 
demonstrated its generality in predicting the validity range of the previously mentioned scaling groups, but also gave 
strong evidence of its reliability in scaling spontaneous imbibition from laboratory core measurements to reservoir-scale.  
This could assist in reservoir simulations to estimate hydrocarbon recoveries of real-life reservoirs. 
 
1D Numerical Simulation 
In this study, the new analytical solution formulated by Schmid et al. (2011; in review) is validated and tested against 
conventional numerical solutions of the governing partial differential equations defined by Eq. (1) and Eq. (2).  These 
results will also be further compared with laboratory measurements of the water saturation profiles as a function of time.  
Lastly, it is also shown how this work can be used to determine relative permeability and capillary pressure. 
 
Core Samples 
1D numerical simulations in this study were run on three different carbonate cores (Fig. 2) with their individual 
petrophysical properties listed in Table 1.  Portland originates from the Portland Formation in the United Kingdom and is 
a creamy-white, non-ooidal, sandy and gritty bioclastic limestone of Upper Jurassic age with a composition of 96.6% 
calcite and 3.4% quartz (Brenchley and Rawson, 2006).  The Estaillades carbonate is of French origin and consists of 
97.9% calcite and 2.1% quartz (Blumenfeld et al., 2014).  Ketton is an oolitic limestone from Rutland of the United 
Kingdom with 99.1% calcite and 0.9% quartz (Blumenfeld et al., 2014). 
 
   
Fig. 2–Two-dimensional cross-sectional images which were taken in the xy-plane of three-dimensional X-ray 
micro tomography scans of the three different carbonate rocks used in this study – Portland (A), Estaillades (B) 
and Ketton (C) (Blunt et al., 2013). 
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Base Model Construction 
The 1D numerical simulation model in this study has a grid size of 1×1×401 
cells with a vertical orientation and cylindrical geometry as in laboratory 
experiments.  It consists of a fully water-saturated (Swi  = 1) grid cell at the 
bottom with a size of two pore volumes to reflect the water supply in the 
laboratory experiments.  This grid cell is designated with a high permeability 
value of 10,000mD and a porosity value of 100% to allow water to imbibe 
spontaneously into the gas-saturated core body (Swi = 0), as illustrated by Fig. 
3.  The water saturations for the two different regions of the core body were 
designated as such to replicate the actual laboratory experiment conditions in 
which water was allowed to imbibe spontaneously into a dry carbonate rock 
that did not undergo the ‘aging’ process.  The remaining 400 cells are used to 
model each different carbonate core body with its petrophysical and cell 
properties listed in Table 1 and Table 2 below (in which Nz and Nz’ represent 
the number of cells used to model the lengths z and z’ respectively).   
The 1D numerical simulations in this study are based on a water-gas 
system in which fluid properties (Table 3) used are exactly the same as those 
that were measured in laboratory experiments.  It is assumed that the model is 
homogeneous and gravitational effects are negligible in the simulations since 
this is at a relatively small-scale, compared to real-life reservoirs.  In addition, 
since viscosity ratio of gas (air)-to-water is sufficiently small, the value of 
fractional flow of water, fw, in Eq. (24) is reduced to zero.  This then simplifies 
to the same form as Eq. (25), indicating that the spontaneous imbibition of 
water in both co-current and counter-current models for this water-gas system 
will produce identical results.   
Furthermore, as the model is of closed boundaries (no faces are open 
for flow), a producer well penetrating all 400 cells of the core body is applied 
(Fig. 3) in the design to allow displaced gas to escape, making it co-current in 
nature.   
 
Table 1–Petrophysical properties of cores measured in CT scanning co-current imbibition experiments. 
Core D (cm) L (cm) ϕ (%) k (m2) k (mD) Sgr 
Portland 3.79 7.64 22.1 5.23 × 10-15 5.3 0.29 
Estaillades 3.77 7.65 27.6 2.10 × 10-13 213 0.28 
Ketton 3.78 7.66 20.7 2.10 × 10-12 2130 0.28 
 
Table 2–Grid cell properties of 1D simulation model used to study co-current spontaneous imbibition of water. 
Core Nz’ Nz x (cm) z' (cm) z (cm) z'/Nz’ (cm) z/Nz (cm) 
Portland 40 360 3.38 0.50 7.14 0.0125 0.01983 
Estaillades 40 360 4.22 0.50 7.15 0.0125 0.01986 
Ketton 40 360 3.17 0.50 7.16 0.0125 0.01989 
 
Table 3–Fluid properties of water and gas measured in laboratory experiments which are used in simulations. 
Fluid Density (g/cm
3 
at 20
o
C & 1atm) µ (Pa s) 
Water 1.0  1.0× 10-3 
Gas (Air) 1.2 × 10-3 1.8 ×10-5 
 
Relative Permeability and Capillary Pressure Curves 
Since the core body in the 1D base simulation model was first set with an initial water saturation of zero (Swi = 0), it is 
expected to behave as a strongly water-wet system.  Hence, the relative permeabilities and capillary pressures that are 
unique for each carbonate core must be introduced into the 1D simulation base model to replicate this strongly water-wet 
behaviour and to produce reliable results that are of a close match to those obtained from laboratory experiments.     
The relative permeabilities and capillary pressure data employed in the analytical solutions and 1D numerical 
simulations in this study are presented in Fig. 4 on the next page.  The relative permeability curves for each carbonate 
core were generated using power laws, based on Corey’s (1954) correlations, defined by the equations below, 
 
 𝑘𝑟𝑤(𝑆𝑤) = 𝑘𝑟𝑤,𝑚𝑎𝑥 (
𝑆𝑤−𝑆𝑤𝑟
1−𝑆𝑤𝑟−𝑆𝑔𝑟
)
𝛽𝑤
……...............…….…………………..…………………………………(30) 
 
 𝑘𝑟𝑔(𝑆𝑤) = 𝑘𝑟𝑔,𝑚𝑎𝑥 (
1−𝑆𝑤−𝑆𝑔𝑟
1−𝑆𝑤𝑟−𝑆𝑔𝑟
)
𝛽𝑔
……..............…….…………………..…………………………..……… (31) 
 
Fig. 3–Illustration of the base 1D 
co-current spontaneous imbibition 
model used in this study. 
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in which krα refers to the relative permeability of phase α where g = gas or w = water, krα,max is the maximum or end-point 
relative permeability, Swr and Sgr are the residual water and gas saturations respectively, and βα is the exponent used.  
The relative permeability of a fluid in multi-phase flow indicates its mobility as a fraction of what it would be in 
a single-phase flow.  For this study, exponents in Eq. (30) and Eq. (31) were adjusted to generate relative permeability 
curves of a strongly water-wet system with high krg,max and low krw,max values (as seen in Fig. 4 below), as well as 
reasonably low gas saturations (listed in Table 1).  The curves were chosen as such because when there is no initial water  
 
  
  
  
Fig. 4–Relative permeabilities and capillary pressure curves used in the 1D numerical simulations for Portland 
(A&D), Estaillades (B&E) and Ketton (C&F) carbonate cores. 
 
saturation, the water content has to increase very rapidly with distance at the front in order for the wetting phase to gain 
conductivity (Fernø et al., 2013).  This indicates that the water only becomes mobile to displace the gas in the core body 
when a high water saturation value is achieved.  This is due to the inherent micro-porosity nature of the carbonates which 
is responsible for negligible conductance of water as it is trapped tightly in these micro-pores and corners of the rock 
matrix.  In physical pore-scale terms of a real hydrocarbon reservoir, a high kro,max value suggests that non-wetting oil 
occupies larger pores whereas the contrasting low krw,max indicates that water has poor connectivity as it occupies 
narrower pores and throats of the rock matrix which will be harder to be displaced. 
The capillary pressure curves indicate the amount of pressure required for the water to displace gas out of the 
core body, which also indirectly estimate the recovery that can be achieved by spontaneous imbibition.  The capillary 
pressure values were also obtained using a power-law equation (Schmid et al., in review),   
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 𝑃𝑐(𝑆𝑤) = 𝑃𝑐,𝑒𝑛𝑡𝑟𝑦 (
𝑆𝑤−𝑆𝑤𝑟
𝑆𝑤
∗−𝑆𝑤𝑟
)
𝛽𝑝𝑐
……...............…….…………………..………………..…………..……… (32) 
 
where Pc,entry represents the capillary entry pressure, Sw* = 1- Sgr, and βpc is the exponent used in the equation. It should 
be noted that only positive capillary pressure values were generated over the entire saturation range to ensure that only 
the spontaneous imbibition of water takes place.   
The different shapes observed for the capillary pressure curves in Fig. 4 reflect the physical characteristics of 
each carbonate core.  Capillary pressure increases with decreasing pore sizes and the curves become flatter with narrower 
ranges of pore-size distribution.  Hence, for the same water saturation value (say Sw = 0.40), it can be observed that the 
capillary pressure decreases with increasing permeability (values listed in Table 1) and decreasing pore-sizes (as seen in 
Fig. 2) of the carbonate cores. 
Overall, the parameters used to describe the relative permeabilities and capillary pressures here were chosen to 
provide an approximate match to the measured saturation profiles which will be shown later in this work.  However, 
there was no systematic study that attempted to obtain a best possible match to the experiments.    
The Eclipse®-100 codings for the 1D numerical simulation model in this study, with Estaillades carbonate core 
as the sample, is included in Appendix 2 found at the end of this report.  
 
Grid Sensitivity 
A grid sensitivity study was also conducted to optimize the number of grid cells required in the 1D model to improve the 
accuracy of the numerical simulations and it was found that 400 grid cells were sufficient to obtain converged results.  
Fig. 5(a) below shows that increasing the number of grid cells for the core body in the model allows the exact shape of 
the graph of the analytical solution to be captured but there is still a discrepancy in the water-imbibed distance between 
the solutions.   
 
  
Fig. 5–(a) Graph of water saturation, Sw, against water-imbibed distance, x, for the Estaillades carbonate, showing 
results obtained from the grid sensitivity study of the 1D model; (b) The same graph as before but showing how 
further refinement of the first 40 cells of the 1D model improves the accuracy of the numerical solution. 
 
The observed mismatch between the numerical and analytical solutions in Fig. 5(a) is resolved by further 
refining the first 40 cells of the 1D simulation model grid for the core body to approximately 0.16% (Table 2) of the 
actual core length.  This is to capture the initial (early times) spontaneous imbibition advancement of the water saturation 
front into the core body at a higher accuracy, as seen in Fig. 5(b).   
Simulation codings for this grid sensitivity study, with Estaillades carbonate core as the sample, for 50 cells can 
be found in Appendix 3 at the end of this report. 
 
Results and Discussion 
Validation of New Analytical Solution 
The results of matching the 1D numerical simulations to outcomes obtained from laboratory imbibition experiments and 
the newly-developed analytical solution at different time steps are presented in Fig. 6 on the next page.  It can clearly be 
seen that there is a reasonable agreement for all three carbonates – Portland (Fig. 6(A)), Estaillades (Fig. 6(B)) and 
Ketton (Fig. 6(C)) – as their analytical and numerical results match very closely to those of the experimental results.  It 
can be noted that the numerical results obtained for Ketton however demonstrate that the simulated water saturation front 
is advancing at a slower rate than what was observed in laboratory experiments and what was predicted by the new 
analytical solution.  This discrepancy, as shown in Fig. 6(C), could be due to numerical convergence problems incurred 
during simulations which could not be investigated in further details due to the time constraints of the project.   
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  From the graphs of Sw against ω (Fig. 6(D), Fig. 6(E) and Fig. 6(F)) below, it can be observed that saturation 
profiles of all experimental, analytical and numerical curves approximately collapse into a single general curve.  This 
verifies the new analytical solution for the one-dimensional, capillary-dominated flow of spontaneous imbibition and 
shows that x/√t can be used for scaling spontaneous imbibition.   
 
 
  
  
  
Fig. 6–Graphs of water saturation, Sw, against water-imbibed distance, x, and graphs of water saturation against 
water-imbibed distance over square root of time, ω, for Portland (A&D), Estaillades (B&E) and Ketton (C&F) 
carbonates where dotted lines are the laboratory experimental results, dashed lines refer to the results obtained 
from the new analytical solution and solid lines with markers represent numerical results of the 1D simulations at 
different time steps in this study.  
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Fig. 7–Comparison of results between CT scan images from laboratory co-current imbibition experiments and 
those generated from 1D numerical simulations for the Portland carbonate core used in this study. 
 
 
 
Fig. 8–Comparison of results between CT scan images from laboratory co-current imbibition experiments and 
those generated from 1D numerical simulations for the Estaillades carbonate core used in this study. 
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Fig. 9–Comparison of results between CT scan images from laboratory co-current imbibition experiments and 
those generated from 1D numerical simulations for the Ketton carbonate core used in this study. 
 
Further evaluation of the results were done by assessing the comparison of images between laboratory CT scans 
and those generated from 1D numerical simulations using MATLAB® software.  From the images presented in Fig. 7, 
Fig. 8 and Fig. 9, it can be clearly seen that 1D numerical simulations are useful tools in verifying experimental results.  
It can also be noted that unlike what was observed in laboratory experiments, the 1D numerical simulations generated 
sharp, piston-like water saturation fronts.  This demonstrates the limitation of the 1D numerical simulations in capturing 
inherent heterogeneities of laboratory experiments, suggesting that the co-current spontaneous imbibition of water is not 
exactly a one-dimensional displacement. 
The results obtained here have therefore demonstrated that the spontaneous imbibition of water is truly a 
function of the square root of time.  The results of all three carbonate rocks in this study have validated the new analytical 
solution by Schmid et al. (2011; in review) which incorporates Darcy’s 2-phase flow model and expressed in a form 
complementary to the Buckley-Leverett analogue.  The slight disagreement between the analytical and numerical results 
shown by Ketton suggests that further detailed numerical investigation of rocks with higher heterogeneities or wider 
pore-size distributions would need to be conducted in order to fully validate this analytical approach. 
 
Validation of Scaling Group  
To test the validity of the proposed scaling group for spontaneous imbibition by Schmid and Geiger (2012), two different 
plots were generated for each of the three carbonate cores used in this study: a graph of total cumulative volume of water 
imbibed against time and a graph of normalized recovery against dimensionless time, td, which was previously expressed 
in Eq. (29).  Since the analytical solution was previously shown to have honoured the experimental results, only results 
of the new analytical approach and the 1D numerical simulations are compared here.   
The new analytical approach by Schmid et al. (2011; in review) is only applicable to certain ‘early imbibition 
time’, t*.  Hence, it is important to note that the times used in the graphs in Fig. 10 have already been accommodated to 
this restriction.  It should also be noted that the cumulative volumes of water imbibed for the analytical solution was 
found by multiplying Qw (denoted in Eq. (13)) by the cross-sectional area of radius r that is open for flow, 
 
 𝑄𝑤(𝑡)𝐴 = 2𝐶𝐴√𝑡 =  2𝐶𝜋𝑟
2√𝑡 …………….………….…………………………………………………...… (33) 
 
whereas the normalized recoveries, 
𝑅
𝑅∞
, were calculated by the following equation (Behbahani et al., 2006), 
 
 
𝑅
𝑅∞
=
𝑆𝑤−𝑆𝑤𝑖
1−𝑆𝑔𝑟−𝑆𝑤𝑖
 ………………………………………………………………………………...……………… (34) 
 
In Eq. (34) above, R refers to the hydrocarbon recovery, R is the ultimate or final recovery achieved, Sw is the 
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average water saturation, Swi is the initial water saturation and Sgr is the residual gas saturation.  
Assuming piston-like displacement in co-current spontaneous imbibition, the graphs of cumulative volumes of 
water imbibed against time in Fig. 10(A), Fig. 10(B) and Fig. 10(C) show the amount of gas that can be produced since 
the volume of water imbibed into the core equals to the volume of gas displaced.  It can be observed that the curves of the 
1D numerical simulations are of close matches to the analytical solutions.  It is reminded that both of these solutions were 
based on the same core samples that were used in CT-scan imaging to produce the pictures previously presented in Fig. 
7, Fig. 8 and Fig. 9.   
 
 
 
  
  
Fig. 10–Graphs of cumulative volume of water imbibed against time and graphs of normalized recovery, 
𝑹
𝑹∞
, 
against dimensionless time, td, for Portland (A&D), Estaillades (B&E) and Ketton (C&F) carbonates. 
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From the graphs of normalized recoveries (Fig. 10(D), Fig. 10(E) and Fig. 10(F)) against dimensionless time, 
with the exception of the Ketton carbonate, it can be observed that the 1D numerical curves fall almost exactly on the 
analytically-derived solutions.  This again proves that the 1D numerical simulations are capable of replicating results 
predicted by the newly-proposed analytical solution by Schmid et al. (2011; in review).   
The retainment of the shape of the curves by both the analytical and numerical results in Fig. 10 suggests that 
the general imbibition scaling group formulated by Schmid and Geiger (2012) is an appropriate technique to scale up 
laboratory core measurements to predict field-scale recovery.  The degree of heterogeneity of the carbonate rocks were 
also seen to play a significant role in the rate of mass transfer between a fully water-saturated porous medium and the 
core bodies involved in this study.   
 
Conclusions 
The main conclusions of this 1D numerical simulation study can therefore be summarized as follows: 
1. The rate of spontaneous imbibition of water is a function of the square root of time. 
2. The numerical results for two of the three carbonates (Portland and Estaillades) used in this study validate the 
new analytical solution proposed by Schmid et al. (2011; in review). 
3. Darcy’s 2-phase flow model is sufficient to model the capillary-driven behaviour of spontaneous imbibition.  
4. The scaling group formulated by Schmid and Geiger (2012) to predict hydrocarbon recovery is valid. 
5. 1D numerical simulation is a useful tool to confirm results obtained from laboratory imbibition experiments. 
 
Recommendations 
Further numerical investigations of this new-developed analytical solution by Schmid et al. (2011; in review) in 
predicting the behaviour of spontaneous imbibition are recommended by extending this approach to 2D and/or 3D 
simulation models.  These can be employed to study how finite size effects, heterogeneities and gravity influence the 
results predicted by this analytical solution since it was based on the assumption of the immiscible, incompressible two-
phase flow through an infinite homogeneous porous medium with negligible gravitational effects. 
The results obtained for this project were based on a water-gas system in which the carbonate core body was set 
at an initial water saturation of zero which is unrealistic to reflect real-life reservoirs, even if they were actually strongly 
water-wet.  Higher initial water saturations are expected to observe faster water saturation fronts as the already-present 
water will facilitate water connectivity, allowing spontaneous imbibition to take place more easily and quickly.  It is thus 
recommended to conduct more laboratory spontaneous imbibition experiments with different initial water saturations to 
confirm this theoretical hypothesis.   
The 1D simulations in this study have demonstrated that all three carbonate cores produced similar results as 
would have been predicted by the analytical solution.  However, it is suggested to conduct further detailed numerical 
investigations on the Ketton carbonate to fully validate this analytical approach.  Furthermore, numerical simulations can 
also be used to simulate water-oil systems to verify the ability of the analytical solution in distinguishing the different 
behaviours for co-current and counter-current spontaneous imbibitions observed in laboratory experiments.   
To predict imbibition profiles accurately, three important elements must be known – two relative permeabilities 
and capillary pressure – which are often difficult, time-consuming and costly to be measured in laboratory experiments.  
This issue can be resolved by employing analytical solutions: when there are two known relative permeabilities (which 
can be found from the Buckley-Leverett solution), capillary pressure can be determined from this new analytical solution 
by Schmid et al. (2011; in review) or when one relative permeability (such as water) and capillary pressure are known, 
the other relative permeability (such as oil) can be determined.   
With the Buckley-Leverett analogue for viscous-dominated flow and this new analytical solution by Schmid et 
al. (2011; in review) for capillary-dominated flow, it is highly hoped that the collation of these two fractional-flow based 
analytical solutions with results from laboratory experiments and/or other measurement techniques, such as pore-scale 
modelling by Valvatne and Blunt (2004), would become useful reservoir engineering tools.  These laboratory core 
measurements can then be scaled up for reservoir simulations to predict field-scale hydrocarbon recovery. 
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Unit Conversion Factors 
 
For permeability, D × 9.869233 × 10-13 = m2   
 
Nomenclature 
 
α fluid phase  
βg exponent used to find relative permeability of gas 
βpc
 
exponent used to find capillary pressure curves 
βw  exponent used to find relative permeability of water 
λo mobility of oil 
λt total fluid mobility 
λw mobility of water 
μα viscosity of phase α in Pa s 
ρo density of oil in kg/m
3
 
ρw density of water in kg/m
3
 
σ interfacial tension in N/m 
ϕ porosity of porous medium 
ω imbibed distance over square root of time in m/√s 
∝ linearly proportional to 
C proportionality constant used in new analytical solution by Schmid et al. (in review) in m
2
/s 
D non-linear capillary diffusion coefficient in m
2
 
fw fractional flow of water for viscous-dominated flow 
fw’ first derivate of fw 
F fractional flow of water for capillary-dominated flow 
F’ first derivate of F 
F” second derivative of F 
gx gravitational acceleration in m/s
2
 
krα relative permeability of phase α in m
2
 
krg,max end-point relative permeability for gas in m
2 
kro,max end-point relative permeability for oil in m
2
 
krw,max end-point relative permeability for water in m
2
 
kg gas permeability in m
2
 
kw water permeability in m
2
 
K absolute permeability in m
2
 
L length of matrix block under study in m 
Lc characteristic length of matrix block under study in m 
Pc capillary pressure in Pa 
Pc,entry capillary entry pressure in Pa 
qo oil velocity in m/s 
qt total fluid velocity in m/s 
qw water velocity in  m/s 
Qw cumulative volume of water imbibed per unit area in m  
r radius of cross-sectional area open to flow in cm 
R hydrocarbon recovery in m
3 
R∞ ultimate or final hydrocarbon recovery in m
3 
Sgr residual gas saturation 
Sw water saturation 
Swi initial water saturation 
Sw,max maximum water saturation 
Swr residual water saturation 
t time in s 
t* early imbibition time defined in new analytical solution in s 
tD,MK dimensionless time by Mattax and Kyte (1962) 
td dimensionless time by Schmid et al. (2011) 
x water-imbibed distance in m 
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Appendix 1–Critical Literature Review 
 
Paper Year Title Author(s) Contribution(s) 
SPE-415-G 1955 
Scaling Laws for Use in 
Design and Operation of 
Water-Oil Flow Models 
Rapoport, L.A. 
Formulated the first set of scaling 
equations based on incompressible, 
two-phase flow phenomena in a three-
dimensional porous medium which 
took into account effects of both 
gravitational and capillary forces 
SPE-1361-G 1960 
Determination of Effective 
Capillary Pressures for Porous 
Media from Imbibition Data 
Handy, L.L. 
Studied two different approaches, 
diffusion-type and piston-like 
displacement, to calculate imbibition 
rates into porous media and found that 
Qw
2 ∝ t 
SPWLA-1979-MM 1979 
Theory and Application of 
Capillary Pressure 
Evans, C.E. 
Guerrero, E.T. 
Explained the theory of capillarity and 
investigates three different models: 
vertical Pc model, horizontal Pc model 
and doublet model 
Water Resources 
Research, Vol. 
26(3) 
1990 
Exact Integral Solutions for 
Two-Phase Flow 
 McWorther, D.B. 
Sunada, D.K. 
Formulated first realistic quasi-analytic 
solutions for one-dimensional, two-
phase incompressible flow for co-
current and counter-current imbibitions 
based on the concept of fractional-flow 
functions 
Current Opinion in 
Colloid & Interface 
Science, Vol. 6 
2001 
Recovery of oil by 
spontaneous imbibition 
Morrow, N.R. 
Mason, G. 
Reviewed background and published 
developments of scaling laboratory 
spontaneous imbibition data 
Water Resources 
Research, Vol. 40, 
W07406 
2004 
Predictive pore-scale 
modelling of two-phase flow 
in mixed wet media 
Valvatne, P.H. 
Blunt, M.J. 
Demonstrated that a realistically 
representative model of a Berea 
sandstone core successfully predicts 
relative permeability and oil recovery 
for water-wet, oil-wet and mixed wet 
data sets  
Water Resources 
Research, Vol. 
47(2), W02550 
2011 
Semianalytical solutions for 
cocurrent and countercurrent 
imbibition and dispersion of 
solutes in immiscible two-
phase flow 
Schmid, K.S. 
Geiger, S. 
Sorbie, K.S. 
Agreed with McWorther and Sunada’s 
(1990) findings and suggested that a 
general, closed-form solution for 
spontaneous imbibition could be found 
in the form of an equivalent to the 
classical Buckley-Leverett solution 
Water Resources 
Research, Vol. 48, 
W03507 
2012 
Universal scaling of 
spontaneous imbibition for 
water-wet systems 
Schmid, K.S. 
Geiger, S. 
Derived a set of “Master Equations” 
from Schmid et al.’s (2011) findings to 
scale imbibition by a dimensionless 
time, td 
SPE - in review 2014 
Analytical Solutions for Co- 
and Counter-Current 
Spontaneous Imbibition: 
Fractional Flow Theory for 
Capillary Driven Flow 
Schmid, K.S. 
Alyafei, N. 
Geiger, S. 
Blunt, M.J. 
 
Proposed new analytical solution for 
co-current and counter-current 
spontaneous imbibitions 
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SPE-415-G (1955) 
Scaling Laws for Use in Design and Operation of Water-Oil Flow Models 
 
Authors:  Rapoport, L.A. 
 
Contribution: 
 
Formulated first set of scaling laws for spontaneous imbibition which took into account the effects of both gravitational 
and capillary forces. 
 
Objective of paper: 
 
To create a practical and physically reasonable set of scaling laws by taking into account as many petrophysical 
parameters as possible which influence spontaneous imbibition behaviour. 
 
Methodology used: 
 
1. Based on the assumption of incompressible, immiscible, two-phase flow in a three-dimensional, homogeneous 
porous medium. 
2. Examined important multi-flow concepts that include relative permeabilities and capillary pressure functions. 
3. Verified the scaling model against laboratory experimental data and field data. 
 
Conclusion reached: 
 
1. Scaling laws were found to be limited to porous media that have the same relative permeability functions and 
similarly shaped capillary pressure curves - a situation which is unlikely to occur in real reservoirs. 
2. Recommended further study on different types of relative permeability and capillary pressures in order to 
improve ability of scaling laws to predict reservoir behaviour. 
 
Comments: 
 
Provides useful background information on the development of scaling laws for spontaneous imbibition. 
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SPE-1361-G (1960) 
Determination of Effective Capillary Pressures for Porous Media from Imbibition Data 
 
Authors:  Handy, L.L. 
 
Contribution: 
 
Derived a linear correlation between volumetric rate of water imbibition and the square root of time (Qw
2 ∝ t). 
 
Objective of paper: 
 
To provide solutions to previously established, unsolved differential equations for spontaneous imbibition and validate 
this solutions against experimental data. 
 
Methodology used: 
 
1. Examined two different approaches – diffusion-type and piston-like displacement – to calculate rate of water 
imbibition into porous media. 
2. Laboratory data were used to validate the linear correlation predicted by the piston-like displacement equation. 
3. Imbibition experiments used fired consolidated sandstone in sand packs to study how the amount of brine in the 
sand pack decreases over time. 
 
Conclusion reached: 
 
1. Water imbibition into a porous medium can be described in a piston-like displacement manner. 
2. Concluded a linear relationship between volume of water imbibed and square root of time (Qw
2 ∝ t). 
3. Rock wettability changes could not be determined from laboratory imbibition experiments in this study.  
 
Comments: 
 
Gives good explanation on the application of scaling equations in real reservoirs. 
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SPWLA-1979-MM (1979) 
Theory and Application of Capillary Pressure 
 
Authors:  Evans, C.E. and Guerrero, E.T. 
 
Contribution: 
 
Provided information on generating reliable capillary pressure curves for history matching in 2D and 3D reservoir 
simulations.  
 
Objective of paper: 
 
To clarify methods used to create capillary pressure curves.  
 
Methodology used: 
 
1. Explained theory of capillarity based on surface energy, surface tension and wettability. 
2. 3 different models – vertical Pc, horizontal Pc and doublet models – were used to study the capillary behaviour. 
3. Discussed different methods to measure capillary pressure – restored state, centrifuge and mercury injection 
methods. 
 
Conclusion reached: 
 
1. Fluid movement is a function of pressure difference, viscous drag, capillary pressure and gravitational forces. 
2. Capillary pressures can be used to determine rock wettability, pore size distribution and water saturations of 
reservoirs. 
3. Well log studies provided more reliable data than core analysis to generate capillary pressure curves for 
reservoirs. 
 
Comments: 
 
Provides useful background information and theory on capillary pressures. 
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Water Resources Research, Vol. 26(3) (1990) 
Exact Integral Solutions for Two-Phase Flow 
 
Authors:  McWorther, D.B. and Sunada, D.K. 
 
Contribution: 
 
Derived exact, quasi-analytic solutions for one-dimensional, radial flow of two incompressible fluids for co-current and 
counter-current imbibitions based on the concept of fractional-flow functions. 
 
Objective of paper: 
 
To solve differential equations for horizontal, unsteady flow of two viscous, incompressible fluids. 
 
Methodology used: 
 
1. Developed solutions based on fractional-flow functions. 
2. Full consideration of capillary drive and arbitrary capillary-hydraulic properties were included in the 
formulation of the quasi-analytic solutions. 
 
Conclusion reached: 
 
1. The expression of qo = At
-0.5 
can be used as a boundary condition for one-dimensional, uni-directional 
displacement of a non-wetting phase. 
2. Saturation profiles were found to be sensitive to pore-size distribution. 
 
Comments: 
 
Provides an insight on the development of analytical solutions to describe spontaneous imbibition behaviour. 
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Current opinion in Colloid & Interface Science, Vol. 6 (2001) 
Recovery of oil by spontaneous imbibition 
 
Authors:  Morrow, N.R. and Mason, G. 
 
Contribution: 
 
Reviews background and evaluates previously established developments on the scaling of laboratory imbibition data. 
 
Objective of paper: 
 
To correlate results obtained from varying interfacial tension, fluid viscosities, sample size, shape and boundary 
conditions and initial wetting phase saturation for strongly water-wet systems as plots of normalized oil recovery against 
dimensionless time, and verify this against weakly water-wet conditions. 
 
Methodology used: 
 
1. Examined and discussed the following topics: 
- Imbibition into completely wetted capillaries 
- Imbibition in porous media 
- Very strongly water-wet media 
- Wettability and imbibition 
- Scaling of spontaneous imbibition 
- Large-scale laboratory models and imbibition mechanism 
- Imbibition of surfactant solutions 
 
Conclusion reached: 
 
1. Low permeability fractured reservoirs and understanding of mixed-wet imbibition behaviour will continue to be 
the main focus of technical research in the coming years. 
2. Further parametric studies and basic understanding of wettability changes will help to improve formulation of 
predictive techniques. 
3. Imaging saturation profiles will contribute to better comprehension of the effects of gravitational segregation on 
imbibition mechanisms. 
 
Comments: 
 
An excellent paper summarizing the significance of spontaneous imbibition in hydrocarbon recovery and reviewing 
previously published works on scaling imbibition data. 
  
VIII  Numerical Investigation of Spontaneous Imbibition in Water-Wet Systems  
Water Resources Research, Vol. 40, W07406 (2004) 
Predictive pore-scale modelling of two-phase flow in mixed wet media 
 
Authors:  Valvatne, P.H. and Blunt, M.J. 
 
Contribution: 
 
Demonstrated that a realistically representative model of a Berea sandstone core successfully predicted relative 
permeability and oil recovery for water-wet, oil-wet and mixed-wet data sets. 
 
Objective of paper: 
 
To use readily available data to predict difficult-to-measure properties such as relative permeability. 
 
Methodology used: 
 
1. Imported a network representation of Berea sandstone. 
2. Pore size distribution of the network was adjusted to match capillary pressure whilst keeping rank order of pore 
sizes and network topology constant. 
3. Devised a method of assigning contact angles for waterflooding studies to reflect wettability of the porous 
medium. 
 
Conclusion reached: 
 
1. Suggested that the combined use of a realistically representative network topology and its respective network 
properties that have been matched against experimental data is sufficient to predict single and multiphase flow 
properties for various porous media. 
2. Relative permeability during water flooding is significantly influenced by alterations in wettability. 
3. Incomplete understanding of wettability characterization for mixed-wet systems. 
 
Comments: 
 
Interesting paper explaining pore-scale modelling as a potentially useful reservoir engineering tool to predict difficult-to-
measure properties such as relative permeability. 
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Water Resources Research, Vol. 47(2), W02250 (2011) 
Semianalytical solutions for cocurrent and countercurrent imbibition and dispersion of solutes in immiscible two-phase 
flow 
 
Authors:  Schmid, K.S., Geiger, S. and Sorbie, K.S. 
 
Contribution: 
 
Agreed with McWorther and Sunada’s (1990) findings and suggested that a general, closed form solution for 
spontaneous imbibition could be obtained in the form of an equivalent to the classical Buckley-Leverett solution. 
 
Objective of paper: 
 
To derive semianalytical solutions for the movement of solutes in immiscible two-phase flow. 
 
Methodology used: 
 
1. Solutions accounted for the effects of capillary and viscous forces on the transport for arbitrary capillary-
hydraulic properties. 
2. Hydrodynamic dispersion for variable two-phase flow was also fully taken into account. 
3. Combined a known exact solution for immiscible, two-phase flow with advective transport equations to describe 
counter-current flow in one dimension. 
 
Conclusion reached: 
 
1. Derived solutions described standard core-flood experiments where both flow rates and tracer data are easily 
available which can then be used to predict relative permeabilities and capillary pressure data. 
2. Derived solution can be graphically presented by a modified Welge tangent when dispersion-free limit and 
certain boundary conditions have been defined. 
 
Comments: 
 
Provided a good insight of illustrative examples and comparisons of analytical expressions with numerical reference 
solutions. 
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Water Resources Research, Vol. 48, W03507 (2012) 
Universal scaling of spontaneous imbibition of water-wet systems 
 
Authors:  Schmid, K.S. and Geiger, S.  
 
Contribution: 
 
Derived a set of “Master Equations” from Schmid et al.’s (2011) findings to scale imbibition data by a dimensionless 
time, td. 
 
Objective of paper: 
 
To determine an analytical solution for spontaneous imbibition from Darcy’s 2-phase flow model by correlating the 
volume of water imbibed into the porous medium to normalized pore volumes, and verify it for scaling. 
 
Methodology used: 
 
1. Checked the validity of each of the individual assumptions made by previously established scaling equations for 
imbibition data. 
2. Understood the limitations of the other scaling equations to formulate a new scaling group from Darcy’s 
equation without further implementation of fitting parameters. 
3. Verified analytical solution and new scaling group against 42 published sets of data for water-oil and water-air 
experiments. 
 
Conclusion reached: 
 
1. Darcy’s 2-phase flow model is sufficient to describe imbibition mechanism. 
2. Dynamic capillary pressure effects can be neglected for counter-current spontaneous imbibition. 
 
Comments: 
 
Good paper which analysed and verified previous works. 
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SPE-in review (2014) 
Analytical Solutions for Co- and Counter-Current Spontaneous Imbibition: Fractional Flow Theory for Capillary Driven 
Flow 
 
Authors:  Schmid, K.S., Alyafei, N., Geiger, S. and Blunt, M.J. 
 
Contribution: 
 
Proposed new analytical solution for both co-current and counter-current spontaneous imbibitions. 
 
Objective of paper: 
 
To obtain analytical solutions for one-dimensional, capillary-driven flow using fractional flow theory in the form of a 
complementary counterpart to the Buckley-Leverett analogue. 
 
Methodology used: 
 
1. Introduced mathematical equations for linear, incompressible two-phase flow. 
2. Revisited concepts and theories used to develop the classical Buckley-Leverett technique. 
3. Explained determination of the arbitrary constants, C and F, used in the solution by using a backward-
differentiating approximation method. 
4. Verified results against experimental data. 
5. Discussed how imbibition profiles, combined with other measurement techniques, can be used to predict relative 
permeability and capillary pressure. 
 
Conclusion reached: 
 
1. Solutions are applicable for co-current and counter-current imbibition and arbitrary petrophysical properties, 
which can be easily calculated using a simple spreadsheet. 
2. Solutions were found to be capable of estimating production rates and saturation profiles for water-wet and 
mixed-wet systems.  
3. Solutions predicted distinguished behaviours of co-current and counter-current spontaneous imbibitions as 
observed in laboratory experiments. 
 
Comments: 
 
Good paper which explains the formulation of new analytical solution. 
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Appendix 2–Eclipse®-100 Codings for 1D Simulation Model of Co-Current Spontaneous Imbibition of Water 
 
RUNSPEC 
--------------------------------------------------------------------------------------------  
----- THIS SECTION DEFINES GENERAL DETAILS OF SYSTEM ------ 
-------------------------------------------------------------------------------------------- 
 
TITLE 
1D COCURRENT VERTICAL - WATER-AIR SYSTEM - ESTAILLADES 
 
DIMENS 
-- ( number of cells present in ) 
--  X  Y  Z 
    1  1  401 / 
 
-- ( phases present in system ) 
WATER  
GAS  
 
-- ( units ) 
LAB 
 
-- ( geometry ) 
RADIAL 
 
START 
--  DAY MONTH YEAR 
    1 JAN 2014 / 
 
EQLDIMS 
-- ( specifies dimensions of equilibration tables ) 
--  NTEQUL   NDNPVD   NDRXVD 
    1        100      20 / 
--  default  default  default 
 
TABDIMS 
-- ( describes sizes of saturation & PVT tables and number of FIP regions ) 
--  NTSFUN  NTPVT  NSSFUN  NPPVT  NTFIP   NRPVT  
    2       1      401     13     8       1 / 
 
WELLDIMS 
-- ( describes well dimensions ) 
--  MAXWELL  MAXCONN  MAXGROUP  MAXWELLPERGROUP 
    1        400      1         1 / 
 
UNIFIN     -- ( requests for Unified input files ) 
UNIFOUT    -- ( requests for Unified output files ) 
 
 
GRID 
------------------------------------------------------------------------------------------------  
----- THIS SECTION DEFINES CELL GEOMETRIES & PROPERTIES ------ 
------------------------------------------------------------------------------------------------  
 
GRIDFILE     
-- ( requests for GRID file export ) 
--  GRID   EGRID 
    0      1  / 
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INIT 
-- ( requests for INIT file export ) 
 
-- ( TRUE core measurements in cm ) 
DRV 
-- ( core radius ) 
1.885 / 
DTHETAV 
-- ( specifies the size of cells in the theta direction ) 
360 / 
DZ 
-- ( length ) 
360*0.019861  
40*0.0125 
1*4.2228/ 
INRAD 
-- ( define inner radius of reservoir ) 
0.0001/ 
 
-- ( REMAINING CELLS ) 
BOX 
-- IX1  IX2  JY1  JY2  KZ1  KZ2 
   1    1    1    1    1    400 / 
PERMX 
400*213 / 
PERMY 
400*213 / 
PERMZ 
400*213 / 
PORO 
400*0.276 / 
ENDBOX 
-- ( BOTTOM CELL FULLY-SATURATED WITH WATER - 'WATER TANK' ) 
BOX 
-- IX1  IX2  JY1  JY2  KZ1    KZ2 
   1    1    1     1   401    401 / 
PERMX 
1*10000 / 
PERMY 
1*10000 / 
PERMZ 
1*10000 / 
PORO 
1*1.0 / 
ENDBOX 
-- ( top layer specifications ) 
BOX 
-- IX1  IX2  JY1  JY2  KZ1  KZ2 
   1    1    1    1    1    1 / 
TOPS 
1 / 
 
RPTGRID 
0 0 0 0 0 1 0 0 0 1 0 0 1 / 
 
 
PROPS  
--------------------------------------------------------------------------------------------------------  
----- THIS SECTION DEFINES RESERVOIR FLUID & ROCK PROPERTIES ------ 
-------------------------------------------------------------------------------------------------------- 
DENSITY 
--  oil     water   gas         (g/cm3 @ 20oC & 1atm) 
    0.850   1.000   0.0012 / 
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PVTW 
-- ( PVT properties for WATER ) 
--  Pw(atm)   Bw(rb/stb)   Cw (1/atm)   Viscw(cP)    
    1         1            5E-05        1.0      / 
PVDG 
-- ( PVT properties for GAS ) 
--  Pg(atm)   Bg(cf/scf)   Viscg(cP) 
    1.0       1.00         1.8E-2 
    1.05      9.523E-1     1.8E-2 / 
 
ROCK 
--  Pref(atm)   Cr(1/atm) 
    3.0         0.5E-08 / 
 
SGWFN 
--  ( saturation tables for WATER & GAS ) 
--  ( SGWFN for CORE BODY ) 
--  Sg                    krg                       krw                       Pc (atm) 
0.280000 0.000000 0.050000 1.5297311 
0.281800 0.000100 0.048764 1.5327974 
0.283600 0.000283 0.047556 1.5358777 
0.285400 0.000520 0.046374 1.5389718 
0.287200 0.000800 0.045219 1.5420801 
0.289000 0.001118 0.044090 1.5452025 
0.290800 0.001470 0.042987 1.5483392 
0.292600 0.001852 0.041908 1.5514902 
0.294400 0.002263 0.040854 1.5546557 
0.296200 0.002700 0.039823 1.5578358 
0.298000 0.003162 0.038816 1.5610305 
0.299800 0.003648 0.037833 1.5642400 
0.301600 0.004157 0.036871 1.5674644 
0.303400 0.004687 0.035932 1.5707038 
0.305200 0.005238 0.035014 1.5739583 
0.307000 0.005809 0.034118 1.5772281 
0.308800 0.006400 0.033242 1.5805131 
0.310600 0.007009 0.032386 1.5838136 
0.312400 0.007637 0.031550 1.5871296 
0.314200 0.008282 0.030734 1.5904613 
0.316000 0.008944 0.029937 1.5938087 
0.317800 0.009623 0.029158 1.5971721 
0.319600 0.010319 0.028398 1.6005514 
0.321400 0.011030 0.027656 1.6039469 
0.323200 0.011758 0.026931 1.6073587 
0.325000 0.012500 0.026223 1.6107868 
0.326800 0.013257 0.025532 1.6142314 
0.328600 0.014030 0.024858 1.6176927 
0.330400 0.014816 0.024199 1.6211706 
0.332200 0.015617 0.023556 1.6246655 
0.334000 0.016432 0.022929 1.6281773 
0.335800 0.017260 0.022317 1.6317063 
0.337600 0.018102 0.021719 1.6352525 
0.339400 0.018957 0.021136 1.6388161 
0.341200 0.019825 0.020567 1.6423973 
0.343000 0.020706 0.020012 1.6459960 
0.344800 0.021600 0.019471 1.6496126 
0.346600 0.022506 0.018942 1.6532471 
0.348400 0.023425 0.018427 1.6568997 
0.350200 0.024355 0.017924 1.6605705 
0.352000 0.025298 0.017434 1.6642596 
0.353800 0.026253 0.016956 1.6679673 
0.355600 0.027219 0.016489 1.6716935 
0.357400 0.028197 0.016034 1.6754386 
0.359200 0.029186 0.015591 1.6792025 
0.361000 0.030187 0.015158 1.6829856 
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0.362800 0.031199 0.014737 1.6867879 
0.364600 0.032222 0.014326 1.6906095 
0.366400 0.033255 0.013925 1.6944507 
0.368200 0.034300 0.013534 1.6983116 
0.370000 0.035355 0.013154 1.7021924 
0.371800 0.036421 0.012783 1.7060931 
0.373600 0.037498 0.012421 1.7100141 
0.375400 0.038585 0.012069 1.7139553 
0.377200 0.039682 0.011725 1.7179171 
0.379000 0.040789 0.011391 1.7218995 
0.380800 0.041907 0.011065 1.7259028 
0.382600 0.043034 0.010748 1.7299270 
0.384400 0.044171 0.010438 1.7339725 
0.386200 0.045319 0.010137 1.7380392 
0.388000 0.046476 0.009844 1.7421275 
0.389800 0.047643 0.009558 1.7462375 
0.391600 0.048819 0.009280 1.7503694 
0.393400 0.050005 0.009009 1.7545234 
0.395200 0.051200 0.008745 1.7586996 
0.397000 0.052405 0.008488 1.7628982 
0.398800 0.053619 0.008238 1.7671194 
0.400600 0.054842 0.007995 1.7713635 
0.402400 0.056074 0.007758 1.7756306 
0.404200 0.057316 0.007527 1.7799208 
0.406000 0.058566 0.007303 1.7842345 
0.407800 0.059826 0.007085 1.7885717 
0.409600 0.061094 0.006872 1.7929328 
0.411400 0.062371 0.006666 1.7973178 
0.413200 0.063657 0.006465 1.8017271 
0.415000 0.064952 0.006269 1.8061607 
0.416800 0.066255 0.006079 1.8106190 
0.418600 0.067567 0.005894 1.8151021 
0.420400 0.068888 0.005714 1.8196103 
0.422200 0.070217 0.005539 1.8241437 
0.424000 0.071554 0.005369 1.8287027 
0.425800 0.072900 0.005203 1.8332873 
0.427600 0.074254 0.005042 1.8378979 
0.429400 0.075617 0.004886 1.8425347 
0.431200 0.076987 0.004734 1.8471978 
0.433000 0.078366 0.004586 1.8518877 
0.434800 0.079753 0.004443 1.8566043 
0.436600 0.081148 0.004303 1.8613481 
0.438400 0.082551 0.004168 1.8661193 
0.440200 0.083962 0.004036 1.8709181 
0.442000 0.085381 0.003908 1.8757447 
0.443800 0.086808 0.003784 1.8805994 
0.445600 0.088243 0.003663 1.8854825 
0.447400 0.089686 0.003546 1.8903942 
0.449200 0.091136 0.003432 1.8953348 
0.451000 0.092595 0.003322 1.9003045 
0.452800 0.094060 0.003214 1.9053037 
0.454600 0.095534 0.003110 1.9103326 
0.456400 0.097015 0.003009 1.9153914 
0.458200 0.098504 0.002911 1.9204804 
0.460000 0.100000 0.002816 1.9256000 
0.461800 0.101504 0.002723 1.9307504 
0.463600 0.103015 0.002633 1.9359319 
0.465400 0.104534 0.002546 1.9411447 
0.467200 0.106060 0.002462 1.9463893 
0.469000 0.107593 0.002380 1.9516659 
0.470800 0.109134 0.002301 1.9569747 
0.472600 0.110682 0.002224 1.9623162 
0.474400 0.112237 0.002149 1.9676905 
0.476200 0.113799 0.002076 1.9730981 
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0.478000 0.115369 0.002006 1.9785393 
0.479800 0.116946 0.001938 1.9840143 
0.481600 0.118530 0.001872 1.9895236 
0.483400 0.120121 0.001808 1.9950674 
0.485200 0.121719 0.001746 2.0006460 
0.487000 0.123324 0.001686 2.0062599 
0.488800 0.124936 0.001628 2.0119093 
0.490600 0.126555 0.001571 2.0175947 
0.492400 0.128181 0.001517 2.0233164 
0.494200 0.129814 0.001464 2.0290746 
0.496000 0.131453 0.001412 2.0348699 
0.497800 0.133100 0.001363 2.0407026 
0.499600 0.134753 0.001315 2.0465730 
0.501400 0.136414 0.001268 2.0524816 
0.503200 0.138081 0.001223 2.0584286 
0.505000 0.139754 0.001179 2.0644146 
0.506800 0.141435 0.001137 2.0704399 
0.508600 0.143122 0.001096 2.0765049 
0.510400 0.144815 0.001057 2.0826100 
0.512200 0.146516 0.001019 2.0887557 
0.514000 0.148223 0.000982 2.0949423 
0.515800 0.149936 0.000946 2.1011703 
0.517600 0.151656 0.000911 2.1074401 
0.519400 0.153383 0.000878 2.1137522 
0.521200 0.155116 0.000846 2.1201069 
0.523000 0.156856 0.000814 2.1265049 
0.524800 0.158602 0.000784 2.1329464 
0.526600 0.160354 0.000755 2.1394320 
0.528400 0.162113 0.000727 2.1459621 
0.530200 0.163879 0.000699 2.1525372 
0.532000 0.165650 0.000673 2.1591579 
0.533800 0.167428 0.000648 2.1658245 
0.535600 0.169213 0.000623 2.1725377 
0.537400 0.171003 0.000599 2.1792978 
0.539200 0.172800 0.000576 2.1861054 
0.541000 0.174603 0.000554 2.1929611 
0.542800 0.176412 0.000533 2.1998654 
0.544600 0.178228 0.000512 2.2068187 
0.546400 0.180050 0.000492 2.2138217 
0.548200 0.181878 0.000473 2.2208749 
0.550000 0.183712 0.000455 2.2279789 
0.551800 0.185552 0.000437 2.2351342 
0.553600 0.187398 0.000420 2.2423414 
0.555400 0.189251 0.000403 2.2496011 
0.557200 0.191109 0.000387 2.2569139 
0.559000 0.192973 0.000372 2.2642804 
0.560800 0.194844 0.000357 2.2717013 
0.562600 0.196720 0.000342 2.2791770 
0.564400 0.198603 0.000328 2.2867084 
0.566200 0.200491 0.000315 2.2942960 
0.568000 0.202386 0.000302 2.3019405 
0.569800 0.204286 0.000290 2.3096425 
0.571600 0.206192 0.000278 2.3174027 
0.573400 0.208104 0.000267 2.3252219 
0.575200 0.210022 0.000256 2.3331007 
0.577000 0.211946 0.000245 2.3410398 
0.578800 0.213876 0.000235 2.3490399 
0.580600 0.215812 0.000225 2.3571018 
0.582400 0.217753 0.000215 2.3652263 
0.584200 0.219700 0.000206 2.3734140 
0.586000 0.221653 0.000198 2.3816657 
0.587800 0.223612 0.000189 2.3899823 
0.589600 0.225576 0.000181 2.3983646 
0.591400 0.227546 0.000173 2.4068132 
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0.593200 0.229522 0.000166 2.4153292 
0.595000 0.231503 0.000159 2.4239132 
0.596800 0.233490 0.000152 2.4325662 
0.598600 0.235483 0.000145 2.4412890 
0.600400 0.237482 0.000139 2.4500824 
0.602200 0.239486 0.000133 2.4589475 
0.604000 0.241495 0.000127 2.4678851 
0.605800 0.243511 0.000121 2.4768961 
0.607600 0.245531 0.000116 2.4859815 
0.609400 0.247558 0.000110 2.4951421 
0.611200 0.249590 0.000105 2.5043791 
0.613000 0.251627 0.000101 2.5136934 
0.614800 0.253670 0.000096 2.5230860 
0.616600 0.255719 0.000092 2.5325580 
0.618400 0.257773 0.000087 2.5421103 
0.620200 0.259832 0.000083 2.5517441 
0.622000 0.261897 0.000080 2.5614604 
0.623800 0.263967 0.000076 2.5712603 
0.625600 0.266043 0.000072 2.5811451 
0.627400 0.268124 0.000069 2.5911157 
0.629200 0.270211 0.000066 2.6011734 
0.631000 0.272303 0.000063 2.6113194 
0.632800 0.274400 0.000060 2.6215548 
0.634600 0.276503 0.000057 2.6318810 
0.636400 0.278611 0.000054 2.6422991 
0.638200 0.280724 0.000051 2.6528105 
0.640000 0.282843 0.000049 2.6634165 
0.641800 0.284967 0.000046 2.6741183 
0.643600 0.287096 0.000044 2.6849174 
0.645400 0.289230 0.000042 2.6958151 
0.647200 0.291370 0.000040 2.7068128 
0.649000 0.293515 0.000038 2.7179120 
0.650800 0.295666 0.000036 2.7291141 
0.652600 0.297821 0.000034 2.7404207 
0.654400 0.299982 0.000032 2.7518331 
0.656200 0.302148 0.000031 2.7633531 
0.658000 0.304319 0.000029 2.7749822 
0.659800 0.306495 0.000028 2.7867219 
0.661600 0.308677 0.000026 2.7985740 
0.663400 0.310863 0.000025 2.8105401 
0.665200 0.313055 0.000024 2.8226220 
0.667000 0.315252 0.000022 2.8348214 
0.668800 0.317454 0.000021 2.8471400 
0.670600 0.319661 0.000020 2.8595797 
0.672400 0.321873 0.000019 2.8721424 
0.674200 0.324090 0.000018 2.8848300 
0.676000 0.326313 0.000017 2.8976443 
0.677800 0.328540 0.000016 2.9105875 
0.679600 0.330773 0.000015 2.9236614 
0.681400 0.333010 0.000014 2.9368683 
0.683200 0.335253 0.000014 2.9502101 
0.685000 0.337500 0.000013 2.9636891 
0.686800 0.339752 0.000012 2.9773074 
0.688600 0.342010 0.000011 2.9910674 
0.690400 0.344272 0.000011 3.0049713 
0.692200 0.346540 0.000010 3.0190214 
0.694000 0.348812 0.000010 3.0332202 
0.695800 0.351090 0.000009 3.0475702 
0.697600 0.353372 0.000009 3.0620738 
0.699400 0.355659 0.000008 3.0767337 
0.701200 0.357951 0.000008 3.0915524 
0.703000 0.360248 0.000007 3.1065327 
0.704800 0.362550 0.000007 3.1216773 
0.706600 0.364857 0.000006 3.1369890 
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0.708400 0.367169 0.000006 3.1524708 
0.710200 0.369485 0.000006 3.1681255 
0.712000 0.371806 0.000005 3.1839563 
0.713800 0.374133 0.000005 3.1999661 
0.715600 0.376464 0.000005 3.2161582 
0.717400 0.378800 0.000004 3.2325359 
0.719200 0.381140 0.000004 3.2491024 
0.721000 0.383486 0.000004 3.2658612 
0.722800 0.385836 0.000004 3.2828157 
0.724600 0.388191 0.000003 3.2999696 
0.726400 0.390551 0.000003 3.3173264 
0.728200 0.392915 0.000003 3.3348901 
0.730000 0.395285 0.000003 3.3526643 
0.731800 0.397659 0.000003 3.3706531 
0.733600 0.400038 0.000002 3.3888606 
0.735400 0.402421 0.000002 3.4072909 
0.737200 0.404809 0.000002 3.4259482 
0.739000 0.407202 0.000002 3.4448370 
0.740800 0.409600 0.000002 3.4639617 
0.742600 0.412002 0.000002 3.4833270 
0.744400 0.414409 0.000002 3.5029376 
0.746200 0.416821 0.000001 3.5227984 
0.748000 0.419237 0.000001 3.5429143 
0.749800 0.421658 0.000001 3.5632906 
0.751600 0.424084 0.000001 3.5839324 
0.753400 0.426514 0.000001 3.6048452 
0.755200 0.428949 0.000001 3.6260347 
0.757000 0.431389 0.000001 3.6475064 
0.758800 0.433833 0.000001 3.6692664 
0.760600 0.436282 0.000001 3.6913206 
0.762400 0.438735 0.000001 3.7136753 
0.764200 0.441193 0.000001 3.7363370 
0.766000 0.443655 0.000001 3.7593122 
0.767800 0.446122 0.000001 3.7826078 
0.769600 0.448594 0.000001 3.8062307 
0.771400 0.451070 0.000001 3.8301881 
0.773200 0.453551 0.000000 3.8544875 
0.775000 0.456036 0.000000 3.8791366 
0.776800 0.458526 0.000000 3.9041431 
0.778600 0.461020 0.000000 3.9295154 
0.780400 0.463519 0.000000 3.9476931 
0.782200 0.466022 0.000000 3.9476931 
0.784000 0.468530 0.000000 3.9476931 
0.785800 0.471042 0.000000 3.9476931 
0.787600 0.473559 0.000000 3.9476931 
0.789400 0.476080 0.000000 3.9476931 
0.791200 0.478605 0.000000 3.9476931 
0.793000 0.481135 0.000000 3.9476931 
0.794800 0.483670 0.000000 3.9476931 
0.796600 0.486209 0.000000 3.9476931 
0.798400 0.488752 0.000000 3.9476931 
0.800200 0.491300 0.000000 3.9476931 
0.802000 0.493852 0.000000 3.9476931 
0.803800 0.496409 0.000000 3.9476931 
0.805600 0.498970 0.000000 3.9476931 
0.807400 0.501535 0.000000 3.9476931 
0.809200 0.504105 0.000000 3.9476931 
0.811000 0.506679 0.000000 3.9476931 
0.812800 0.509258 0.000000 3.9476931 
0.814600 0.511841 0.000000 3.9476931 
0.816400 0.514428 0.000000 3.9476931 
0.818200 0.517019 0.000000 3.9476931 
0.820000 0.519615 0.000000 3.9476931 
0.821800 0.522215 0.000000 3.9476931 
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0.823600 0.524820 0.000000 3.9476931 
0.825400 0.527429 0.000000 3.9476931 
0.827200 0.530042 0.000000 3.9476931 
0.829000 0.532660 0.000000 3.9476931 
0.830800 0.535281 0.000000 3.9476931 
0.832600 0.537907 0.000000 3.9476931 
0.834400 0.540538 0.000000 3.9476931 
0.836200 0.543172 0.000000 3.9476931 
0.838000 0.545811 0.000000 3.9476931 
0.839800 0.548454 0.000000 3.9476931 
0.841600 0.551102 0.000000 3.9476931 
0.843400 0.553754 0.000000 3.9476931 
0.845200 0.556409 0.000000 3.9476931 
0.847000 0.559070 0.000000 3.9476931 
0.848800 0.561734 0.000000 3.9476931 
0.850600 0.564402 0.000000 3.9476931 
0.852400 0.567075 0.000000 3.9476931 
0.854200 0.569752 0.000000 3.9476931 
0.856000 0.572433 0.000000 3.9476931 
0.857800 0.575119 0.000000 3.9476931 
0.859600 0.577808 0.000000 3.9476931 
0.861400 0.580502 0.000000 3.9476931 
0.863200 0.583200 0.000000 3.9476931 
0.865000 0.585902 0.000000 3.9476931 
0.866800 0.588608 0.000000 3.9476931 
0.868600 0.591319 0.000000 3.9476931 
0.870400 0.594033 0.000000 3.9476931 
0.872200 0.596752 0.000000 3.9476931 
0.874000 0.599475 0.000000 3.9476931 
0.875800 0.602202 0.000000 3.9476931 
0.877600 0.604933 0.000000 3.9476931 
0.879400 0.607668 0.000000 3.9476931 
0.881200 0.610407 0.000000 3.9476931 
0.883000 0.613151 0.000000 3.9476931 
0.884800 0.615898 0.000000 3.9476931 
0.886600 0.618650 0.000000 3.9476931 
0.888400 0.621405 0.000000 3.9476931 
0.890200 0.624165 0.000000 3.9476931 
0.892000 0.626929 0.000000 3.9476931 
0.893800 0.629697 0.000000 3.9476931 
0.895600 0.632469 0.000000 3.9476931 
0.897400 0.635245 0.000000 3.9476931 
0.899200 0.638025 0.000000 3.9476931 
0.901000 0.640809 0.000000 3.9476931 
0.902800 0.643597 0.000000 3.9476931 
0.904600 0.646389 0.000000 3.9476931 
0.906400 0.649186 0.000000 3.9476931 
0.908200 0.651986 0.000000 3.9476931 
0.910000 0.654790 0.000000 3.9476931 
0.911800 0.657598 0.000000 3.9476931 
0.913600 0.660411 0.000000 3.9476931 
0.915400 0.663227 0.000000 3.9476931 
0.917200 0.666047 0.000000 3.9476931 
0.919000 0.668871 0.000000 3.9476931 
0.920800 0.671699 0.000000 3.9476931 
0.922600 0.674532 0.000000 3.9476931 
0.924400 0.677368 0.000000 3.9476931 
0.926200 0.680208 0.000000 3.9476931 
0.928000 0.683052 0.000000 3.9476931 
0.929800 0.685900 0.000000 3.9476931 
0.931600 0.688752 0.000000 3.9476931 
0.933400 0.691608 0.000000 3.9476931 
0.935200 0.694468 0.000000 3.9476931 
0.937000 0.697332 0.000000 3.9476931 
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0.938800 0.700199 0.000000 3.9476931 
0.940600 0.703071 0.000000 3.9476931 
0.942400 0.705946 0.000000 3.9476931 
0.944200 0.708826 0.000000 3.9476931 
0.946000 0.711709 0.000000 3.9476931 
0.947800 0.714596 0.000000 3.9476931 
0.949600 0.717488 0.000000 3.9476931 
0.951400 0.720383 0.000000 3.9476931 
0.953200 0.723282 0.000000 3.9476931 
0.955000 0.726184 0.000000 3.9476931 
0.956800 0.729091 0.000000 3.9476931 
0.958600 0.732002 0.000000 3.9476931 
0.960400 0.734916 0.000000 3.9476931 
0.962200 0.737834 0.000000 3.9476931 
0.964000 0.740756 0.000000 3.9476931 
0.965800 0.743682 0.000000 3.9476931 
0.967600 0.746612 0.000000 3.9476931 
0.969400 0.749546 0.000000 3.9476931 
0.971200 0.752483 0.000000 3.9476931 
0.973000 0.755425 0.000000 3.9476931 
0.974800 0.758370 0.000000 3.9476931 
0.976600 0.761319 0.000000 3.9476931 
0.978400 0.764271 0.000000 3.9476931 
0.980200 0.767228 0.000000 3.9476931 
0.982000 0.770188 0.000000 3.9476931 
0.983800 0.773152 0.000000 3.9476931 
0.985600 0.776120 0.000000 3.9476931 
0.987400 0.779092 0.000000 3.9476931 
0.989200 0.782068 0.000000 3.9476931 
0.991000 0.785047 0.000000 3.9476931 
0.992800 0.788030 0.000000 3.9476931 
0.994600 0.791017 0.000000 3.9476931 
0.996400 0.794008 0.000000 3.9476931 
0.998200 0.797002 0.000000 3.9476931 
1.000000 0.800000 0.000000 3.9476931 
/ 
-- ( SGWFN for 'WATER TANK' ) 
--  Sg                    krg                       krw                       Pc (atm) 
0.280000 0.000000 0.050000              1 
1.000000 0.800000 0.000000  3 
/ 
/ 
 
RPTPROPS 
2*1 0 2*1 0 2*1 / 
 
 
REGIONS  
-----------------------------------------------------------------------------  
----- THIS SECTION DEFINES REGIONS OF SYSTEM ------ 
-----------------------------------------------------------------------------  
 
SATNUM 
-- ( indicates number of saturation tables ) 
400*1 
1*2 / 
 
RPTREGS 
0 1 0 1 / 
 
 
SOLUTION  
------------------------------------------------------------------------------------ 
----- THIS SECTION DEFINES INITIAL STATE OF SYSTEM ----- 
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------------------------------------------------------------------------------------  
 
RPTSOL 
  'RESTART = 2'       --  ( initial Restart file is created ) 
  'FIP=1'             --  ( reports initial fluids in place for whole field ) 
/ 
 
SWAT 
400*0.0 
1*1.0/ 
 
PRESSURE 
401*1.01 
/ 
 
RPTSOL 
1 0 1 1 0 0 2 7*0 0 0 0 0 / 
 
 
 
SUMMARY  
-----------------------------------------------------------------------------------  
----- THIS SECTION REQUESTS FOR OUTPUT FORMATS ----- 
-----------------------------------------------------------------------------------  
 
ALL 
-- ( requests for a basic set of results ) 
 
EXCEL 
-- ( requests output to be in MS Excel format ) 
 
RUNSUM 
-- ( requests a neat tabulated output of SUMMARY file data; goes into a separate RSM file ) 
 
BWSAT 
-- ( indicates average water saturation for each block ) 
--  X       Y           Z 
1 1 401 / 
1 1 400 / 
1 1 399 / 
1 1 398 / 
1 1 397 / 
1 1 396 / 
1 1 395 / 
1 1 394 / 
1 1 393 / 
1 1 392 / 
1 1 391 / 
1 1 390 / 
1 1 389 / 
1 1 388 / 
1 1 387 / 
1 1 386 / 
1 1 385 / 
1 1 384 / 
1 1 383 / 
1 1 382 / 
1 1 381 / 
1 1 380 / 
1 1 379 / 
1 1 378 / 
1 1 377 / 
1 1 376 / 
1 1 375 / 
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1 1 374 / 
1 1 373 / 
1 1 372 / 
1 1 371 / 
1 1 370 / 
1 1 369 / 
1 1 368 / 
1 1 367 / 
1 1 366 / 
1 1 365 / 
1 1 364 / 
1 1 363 / 
1 1 362 / 
1 1 361 / 
1 1 360 / 
1 1 359 / 
1 1 358 / 
1 1 357 / 
1 1 356 / 
1 1 355 / 
1 1 354 / 
1 1 353 / 
1 1 352 / 
1 1 351 / 
1 1 350 / 
1 1 349 / 
1 1 348 / 
1 1 347 / 
1 1 346 / 
1 1 345 / 
1 1 344 / 
1 1 343 / 
1 1 342 / 
1 1 341 / 
1 1 340 / 
1 1 339 / 
1 1 338 / 
1 1 337 / 
1 1 336 / 
1 1 335 / 
1 1 334 / 
1 1 333 / 
1 1 332 / 
1 1 331 / 
1 1 330 / 
1 1 329 / 
1 1 328 / 
1 1 327 / 
1 1 326 / 
1 1 325 / 
1 1 324 / 
1 1 323 / 
1 1 322 / 
1 1 321 / 
1 1 320 / 
1 1 319 / 
1 1 318 / 
1 1 317 / 
1 1 316 / 
1 1 315 / 
1 1 314 / 
1 1 313 / 
1 1 312 / 
1 1 311 / 
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1 1 310 / 
1 1 309 / 
1 1 308 / 
1 1 307 / 
1 1 306 / 
1 1 305 / 
1 1 304 / 
1 1 303 / 
1 1 302 / 
1 1 301 / 
1 1 300 / 
1 1 299 / 
1 1 298 / 
1 1 297 / 
1 1 296 / 
1 1 295 / 
1 1 294 / 
1 1 293 / 
1 1 292 / 
1 1 291 / 
1 1 290 / 
1 1 289 / 
1 1 288 / 
1 1 287 / 
1 1 286 / 
1 1 285 / 
1 1 284 / 
1 1 283 / 
1 1 282 / 
1 1 281 / 
1 1 280 / 
1 1 279 / 
1 1 278 / 
1 1 277 / 
1 1 276 / 
1 1 275 / 
1 1 274 / 
1 1 273 / 
1 1 272 / 
1 1 271 / 
1 1 270 / 
1 1 269 / 
1 1 268 / 
1 1 267 / 
1 1 266 / 
1 1 265 / 
1 1 264 / 
1 1 263 / 
1 1 262 / 
1 1 261 / 
1 1 260 / 
1 1 259 / 
1 1 258 / 
1 1 257 / 
1 1 256 / 
1 1 255 / 
1 1 254 / 
1 1 253 / 
1 1 252 / 
1 1 251 / 
1 1 250 / 
1 1 249 / 
1 1 248 / 
1 1 247 / 
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1 1 246 / 
1 1 245 / 
1 1 244 / 
1 1 243 / 
1 1 242 / 
1 1 241 / 
1 1 240 / 
1 1 239 / 
1 1 238 / 
1 1 237 / 
1 1 236 / 
1 1 235 / 
1 1 234 / 
1 1 233 / 
1 1 232 / 
1 1 231 / 
1 1 230 / 
1 1 229 / 
1 1 228 / 
1 1 227 / 
1 1 226 / 
1 1 225 / 
1 1 224 / 
1 1 223 / 
1 1 222 / 
1 1 221 / 
1 1 220 / 
1 1 219 / 
1 1 218 / 
1 1 217 / 
1 1 216 / 
1 1 215 / 
1 1 214 / 
1 1 213 / 
1 1 212 / 
1 1 211 / 
1 1 210 / 
1 1 209 / 
1 1 208 / 
1 1 207 / 
1 1 206 / 
1 1 205 / 
1 1 204 / 
1 1 203 / 
1 1 202 / 
1 1 201 / 
1 1 200 / 
1 1 199 / 
1 1 198 / 
1 1 197 / 
1 1 196 / 
1 1 195 / 
1 1 194 / 
1 1 193 / 
1 1 192 / 
1 1 191 / 
1 1 190 / 
1 1 189 / 
1 1 188 / 
1 1 187 / 
1 1 186 / 
1 1 185 / 
1 1 184 / 
1 1 183 / 
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1 1 182 / 
1 1 181 / 
1 1 180 / 
1 1 179 / 
1 1 178 / 
1 1 177 / 
1 1 176 / 
1 1 175 / 
1 1 174 / 
1 1 173 / 
1 1 172 / 
1 1 171 / 
1 1 170 / 
1 1 169 / 
1 1 168 / 
1 1 167 / 
1 1 166 / 
1 1 165 / 
1 1 164 / 
1 1 163 / 
1 1 162 / 
1 1 161 / 
1 1 160 / 
1 1 159 / 
1 1 158 / 
1 1 157 / 
1 1 156 / 
1 1 155 / 
1 1 154 / 
1 1 153 / 
1 1 152 / 
1 1 151 / 
1 1 150 / 
1 1 149 / 
1 1 148 / 
1 1 147 / 
1 1 146 / 
1 1 145 / 
1 1 144 / 
1 1 143 / 
1 1 142 / 
1 1 141 / 
1 1 140 / 
1 1 139 / 
1 1 138 / 
1 1 137 / 
1 1 136 / 
1 1 135 / 
1 1 134 / 
1 1 133 / 
1 1 132 / 
1 1 131 / 
1 1 130 / 
1 1 129 / 
1 1 128 / 
1 1 127 / 
1 1 126 / 
1 1 125 / 
1 1 124 / 
1 1 123 / 
1 1 122 / 
1 1 121 / 
1 1 120 / 
1 1 119 / 
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1 1 118 / 
1 1 117 / 
1 1 116 / 
1 1 115 / 
1 1 114 / 
1 1 113 / 
1 1 112 / 
1 1 111 / 
1 1 110 / 
1 1 109 / 
1 1 108 / 
1 1 107 / 
1 1 106 / 
1 1 105 / 
1 1 104 / 
1 1 103 / 
1 1 102 / 
1 1 101 / 
1 1 100 / 
1 1 99 / 
1 1 98 / 
1 1 97 / 
1 1 96 / 
1 1 95 / 
1 1 94 / 
1 1 93 / 
1 1 92 / 
1 1 91 / 
1 1 90 / 
1 1 89 / 
1 1 88 / 
1 1 87 / 
1 1 86 / 
1 1 85 / 
1 1 84 / 
1 1 83 / 
1 1 82 / 
1 1 81 / 
1 1 80 / 
1 1 79 / 
1 1 78 / 
1 1 77 / 
1 1 76 / 
1 1 75 / 
1 1 74 / 
1 1 73 / 
1 1 72 / 
1 1 71 / 
1 1 70 / 
1 1 69 / 
1 1 68 / 
1 1 67 / 
1 1 66 / 
1 1 65 / 
1 1 64 / 
1 1 63 / 
1 1 62 / 
1 1 61 / 
1 1 60 / 
1 1 59 / 
1 1 58 / 
1 1 57 / 
1 1 56 / 
1 1 55 / 
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1 1 54 / 
1 1 53 / 
1 1 52 / 
1 1 51 / 
1 1 50 / 
1 1 49 / 
1 1 48 / 
1 1 47 / 
1 1 46 / 
1 1 45 / 
1 1 44 / 
1 1 43 / 
1 1 42 / 
1 1 41 / 
1 1 40 / 
1 1 39 / 
1 1 38 / 
1 1 37 / 
1 1 36 / 
1 1 35 / 
1 1 34 / 
1 1 33 / 
1 1 32 / 
1 1 31 / 
1 1 30 / 
1 1 29 / 
1 1 28 / 
1 1 27 / 
1 1 26 / 
1 1 25 / 
1 1 24 / 
1 1 23 / 
1 1 22 / 
1 1 21 / 
1 1 20 / 
1 1 19 / 
1 1 18 / 
1 1 17 / 
1 1 16 / 
1 1 15 / 
1 1 14 / 
1 1 13 / 
1 1 12 / 
1 1 11 / 
1 1 10 / 
1 1 9 / 
1 1 8 / 
1 1 7 / 
1 1 6 / 
1 1 5 / 
1 1 4 / 
1 1 3 / 
1 1 2 / 
1 1 1 / 
/ 
 
BWIP 
-- ( indicates volume of water for each block ) 
--  X       Y            Z 
1 1 401 / 
1 1 400 / 
1 1 399 / 
1 1 398 / 
1 1 397 / 
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1 1 396 / 
1 1 395 / 
1 1 394 / 
1 1 393 / 
1 1 392 / 
1 1 391 / 
1 1 390 / 
1 1 389 / 
1 1 388 / 
1 1 387 / 
1 1 386 / 
1 1 385 / 
1 1 384 / 
1 1 383 / 
1 1 382 / 
1 1 381 / 
1 1 380 / 
1 1 379 / 
1 1 378 / 
1 1 377 / 
1 1 376 / 
1 1 375 / 
1 1 374 / 
1 1 373 / 
1 1 372 / 
1 1 371 / 
1 1 370 / 
1 1 369 / 
1 1 368 / 
1 1 367 / 
1 1 366 / 
1 1 365 / 
1 1 364 / 
1 1 363 / 
1 1 362 / 
1 1 361 / 
1 1 360 / 
1 1 359 / 
1 1 358 / 
1 1 357 / 
1 1 356 / 
1 1 355 / 
1 1 354 / 
1 1 353 / 
1 1 352 / 
1 1 351 / 
1 1 350 / 
1 1 349 / 
1 1 348 / 
1 1 347 / 
1 1 346 / 
1 1 345 / 
1 1 344 / 
1 1 343 / 
1 1 342 / 
1 1 341 / 
1 1 340 / 
1 1 339 / 
1 1 338 / 
1 1 337 / 
1 1 336 / 
1 1 335 / 
1 1 334 / 
1 1 333 / 
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1 1 332 / 
1 1 331 / 
1 1 330 / 
1 1 329 / 
1 1 328 / 
1 1 327 / 
1 1 326 / 
1 1 325 / 
1 1 324 / 
1 1 323 / 
1 1 322 / 
1 1 321 / 
1 1 320 / 
1 1 319 / 
1 1 318 / 
1 1 317 / 
1 1 316 / 
1 1 315 / 
1 1 314 / 
1 1 313 / 
1 1 312 / 
1 1 311 / 
1 1 310 / 
1 1 309 / 
1 1 308 / 
1 1 307 / 
1 1 306 / 
1 1 305 / 
1 1 304 / 
1 1 303 / 
1 1 302 / 
1 1 301 / 
1 1 300 / 
1 1 299 / 
1 1 298 / 
1 1 297 / 
1 1 296 / 
1 1 295 / 
1 1 294 / 
1 1 293 / 
1 1 292 / 
1 1 291 / 
1 1 290 / 
1 1 289 / 
1 1 288 / 
1 1 287 / 
1 1 286 / 
1 1 285 / 
1 1 284 / 
1 1 283 / 
1 1 282 / 
1 1 281 / 
1 1 280 / 
1 1 279 / 
1 1 278 / 
1 1 277 / 
1 1 276 / 
1 1 275 / 
1 1 274 / 
1 1 273 / 
1 1 272 / 
1 1 271 / 
1 1 270 / 
1 1 269 / 
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1 1 268 / 
1 1 267 / 
1 1 266 / 
1 1 265 / 
1 1 264 / 
1 1 263 / 
1 1 262 / 
1 1 261 / 
1 1 260 / 
1 1 259 / 
1 1 258 / 
1 1 257 / 
1 1 256 / 
1 1 255 / 
1 1 254 / 
1 1 253 / 
1 1 252 / 
1 1 251 / 
1 1 250 / 
1 1 249 / 
1 1 248 / 
1 1 247 / 
1 1 246 / 
1 1 245 / 
1 1 244 / 
1 1 243 / 
1 1 242 / 
1 1 241 / 
1 1 240 / 
1 1 239 / 
1 1 238 / 
1 1 237 / 
1 1 236 / 
1 1 235 / 
1 1 234 / 
1 1 233 / 
1 1 232 / 
1 1 231 / 
1 1 230 / 
1 1 229 / 
1 1 228 / 
1 1 227 / 
1 1 226 / 
1 1 225 / 
1 1 224 / 
1 1 223 / 
1 1 222 / 
1 1 221 / 
1 1 220 / 
1 1 219 / 
1 1 218 / 
1 1 217 / 
1 1 216 / 
1 1 215 / 
1 1 214 / 
1 1 213 / 
1 1 212 / 
1 1 211 / 
1 1 210 / 
1 1 209 / 
1 1 208 / 
1 1 207 / 
1 1 206 / 
1 1 205 / 
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1 1 204 / 
1 1 203 / 
1 1 202 / 
1 1 201 / 
1 1 200 / 
1 1 199 / 
1 1 198 / 
1 1 197 / 
1 1 196 / 
1 1 195 / 
1 1 194 / 
1 1 193 / 
1 1 192 / 
1 1 191 / 
1 1 190 / 
1 1 189 / 
1 1 188 / 
1 1 187 / 
1 1 186 / 
1 1 185 / 
1 1 184 / 
1 1 183 / 
1 1 182 / 
1 1 181 / 
1 1 180 / 
1 1 179 / 
1 1 178 / 
1 1 177 / 
1 1 176 / 
1 1 175 / 
1 1 174 / 
1 1 173 / 
1 1 172 / 
1 1 171 / 
1 1 170 / 
1 1 169 / 
1 1 168 / 
1 1 167 / 
1 1 166 / 
1 1 165 / 
1 1 164 / 
1 1 163 / 
1 1 162 / 
1 1 161 / 
1 1 160 / 
1 1 159 / 
1 1 158 / 
1 1 157 / 
1 1 156 / 
1 1 155 / 
1 1 154 / 
1 1 153 / 
1 1 152 / 
1 1 151 / 
1 1 150 / 
1 1 149 / 
1 1 148 / 
1 1 147 / 
1 1 146 / 
1 1 145 / 
1 1 144 / 
1 1 143 / 
1 1 142 / 
1 1 141 / 
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1 1 140 / 
1 1 139 / 
1 1 138 / 
1 1 137 / 
1 1 136 / 
1 1 135 / 
1 1 134 / 
1 1 133 / 
1 1 132 / 
1 1 131 / 
1 1 130 / 
1 1 129 / 
1 1 128 / 
1 1 127 / 
1 1 126 / 
1 1 125 / 
1 1 124 / 
1 1 123 / 
1 1 122 / 
1 1 121 / 
1 1 120 / 
1 1 119 / 
1 1 118 / 
1 1 117 / 
1 1 116 / 
1 1 115 / 
1 1 114 / 
1 1 113 / 
1 1 112 / 
1 1 111 / 
1 1 110 / 
1 1 109 / 
1 1 108 / 
1 1 107 / 
1 1 106 / 
1 1 105 / 
1 1 104 / 
1 1 103 / 
1 1 102 / 
1 1 101 / 
1 1 100 / 
1 1 99 / 
1 1 98 / 
1 1 97 / 
1 1 96 / 
1 1 95 / 
1 1 94 / 
1 1 93 / 
1 1 92 / 
1 1 91 / 
1 1 90 / 
1 1 89 / 
1 1 88 / 
1 1 87 / 
1 1 86 / 
1 1 85 / 
1 1 84 / 
1 1 83 / 
1 1 82 / 
1 1 81 / 
1 1 80 / 
1 1 79 / 
1 1 78 / 
1 1 77 / 
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1 1 76 / 
1 1 75 / 
1 1 74 / 
1 1 73 / 
1 1 72 / 
1 1 71 / 
1 1 70 / 
1 1 69 / 
1 1 68 / 
1 1 67 / 
1 1 66 / 
1 1 65 / 
1 1 64 / 
1 1 63 / 
1 1 62 / 
1 1 61 / 
1 1 60 / 
1 1 59 / 
1 1 58 / 
1 1 57 / 
1 1 56 / 
1 1 55 / 
1 1 54 / 
1 1 53 / 
1 1 52 / 
1 1 51 / 
1 1 50 / 
1 1 49 / 
1 1 48 / 
1 1 47 / 
1 1 46 / 
1 1 45 / 
1 1 44 / 
1 1 43 / 
1 1 42 / 
1 1 41 / 
1 1 40 / 
1 1 39 / 
1 1 38 / 
1 1 37 / 
1 1 36 / 
1 1 35 / 
1 1 34 / 
1 1 33 / 
1 1 32 / 
1 1 31 / 
1 1 30 / 
1 1 29 / 
1 1 28 / 
1 1 27 / 
1 1 26 / 
1 1 25 / 
1 1 24 / 
1 1 23 / 
1 1 22 / 
1 1 21 / 
1 1 20 / 
1 1 19 / 
1 1 18 / 
1 1 17 / 
1 1 16 / 
1 1 15 / 
1 1 14 / 
1 1 13 / 
XXXIV  Numerical Investigation of Spontaneous Imbibition in Water-Wet Systems  
1 1 12 / 
1 1 11 / 
1 1 10 / 
1 1 9 / 
1 1 8 / 
1 1 7 / 
1 1 6 / 
1 1 5 / 
1 1 4 / 
1 1 3 / 
1 1 2 / 
1 1 1 / 
/ 
 
RPTSMRY 
--  ( tells ECLIPSE to print a table of variables to SUMMARY file during current run; 0 - off; 1 - on ) 
1 / 
 
RUNSUM 
 
 
SCHEDULE 
-----------------------------------------------------------------------------------------------------------  
----- THIS SECTION DEFINES TIME-DEPENDENT VARIABLES OF SYSTEM ----- 
----------------------------------------------------------------------------------------------------------- 
 
RPTSCHED 
'RESTART=2' 'SGAS' 'SWAT' 'PRES' / 
/ 
 
WELSPECS 
-- ( define well specifications ) 
-- NAME  GROUP  I  J  REFDEPTH(cm)  PHASE 
   PROD G1 1 1 7.65 GAS / 
/ 
COMPDAT 
-- ( well completion specification data) 
--  NAME  I  J  K1  K2  OPEN/SHUT  WELLBOREDIAMETER(cm)   
    PROD 1 1 1 400 OPEN 2* 0.0001/ 
/ 
WCONPROD 
-- ( controls for PRODUCTION well ) 
--  NAME  OPEN/SHUT   
    PROD OPEN / 
/ 
 
TUNING 
0.00002 0.001 0.00002 / 
/ 
/ 
 
TSTEP 
22*0.067 / 
 
END 
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Appendix 3–Eclipse®-100 Codings for Grid Sensitivity Study of 1D Simulation Model  
 
RUNSPEC 
-------------------------------------------------------------------------------------------  
----- THIS SECTION DEFINES GENERAL DETAILS OF SYSTEM ------ 
-------------------------------------------------------------------------------------------  
 
TITLE 
1D COCURRENT VERTICAL - WATER-AIR SYSTEM - ESTAILLADES - 50 CELLS 
 
DIMENS 
-- ( number of cells present in ) 
--  X  Y  Z 
    1  1  51 / 
 
-- ( phases present in system ) 
WATER  
GAS  
 
-- ( units ) 
LAB 
 
-- ( geometry ) 
RADIAL 
 
START 
--  DAY MONTH YEAR 
    1 JAN 2014 / 
 
EQLDIMS 
-- ( specifies dimensions of equilibration tables ) 
--  NTEQUL   NDNPVD   NDRXVD 
    1        100      20 / 
--  default  default  default 
 
TABDIMS 
-- ( describes sizes of saturation & PVT tables and number of FIP regions ) 
--  NTSFUN  NTPVT  NSSFUN  NPPVT  NTFIP   NRPVT  
    2       1      401     13     8       1 / 
 
WELLDIMS 
-- ( describes well dimensions ) 
--  MAXWELL  MAXCONN  MAXGROUP  MAXWELLPERGROUP 
    1        400      1         1 / 
 
UNIFIN     -- ( requests for Unified input files ) 
UNIFOUT    -- ( requests for Unified output files ) 
 
 
GRID 
----------------------------------------------------------------------------------------------- 
----- THIS SECTION DEFINES CELL GEOMETRIES & PROPERTIES ------ 
-----------------------------------------------------------------------------------------------  
 
GRIDFILE     
-- ( requests for GRID file export ) 
--  GRID   EGRID 
    0      1  / 
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INIT 
-- ( requests for INIT file export ) 
 
-- ( TRUE core measurements in cm ) 
DRV 
-- ( core radius ) 
1.885 / 
DTHETAV 
-- ( specifies the size of cells in the theta direction ) 
360 / 
DZ 
-- ( length ) 
50*0.153 
1*4.2228/ 
INRAD 
-- ( define inner radius of reservoir ) 
0.0001/ 
 
-- ( REMAINING CELLS ) 
BOX 
-- IX1  IX2  JY1  JY2  KZ1  KZ2 
   1    1    1    1    1    50 / 
PERMX 
50*213 / 
PERMY 
50*213 / 
PERMZ 
50*213 / 
PORO 
50*0.276 / 
ENDBOX 
-- ( BOTTOM CELL FULLY-SATURATED WITH WATER - 'WATER TANK' ) 
BOX 
-- IX1  IX2  JY1  JY2  KZ1    KZ2 
   1    1    1     1   51    51 / 
PERMX 
1*10000 / 
PERMY 
1*10000 / 
PERMZ 
1*10000 / 
PORO 
1*1.0 / 
ENDBOX 
-- ( top layer specifications ) 
BOX 
-- IX1  IX2  JY1  JY2  KZ1  KZ2 
   1    1    1    1    1    1 / 
TOPS 
1 / 
 
RPTGRID 
0 0 0 0 0 1 0 0 0 1 0 0 1 / 
 
 
PROPS  
-------------------------------------------------------------------------------------------------------  
----- THIS SECTION DEFINES RESERVOIR FLUID & ROCK PROPERTIES ------ 
-------------------------------------------------------------------------------------------------------  
 
DENSITY 
--  oil     water   gas         (g/cm3 @ 20oC & 1atm) 
    0.850   1.000   0.0012 / 
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PVTW 
-- ( PVT properties for WATER ) 
--  Pw(atm)   Bw(rb/stb)   Cw (1/atm)   Viscw(cP)    
    1         1            5E-05        1.0      / 
PVDG 
-- ( PVT properties for GAS ) 
--  Pg(atm)   Bg(cf/scf)   Viscg(cP) 
    1.0       1.00         1.8E-2 
    1.05      9.523E-1     1.8E-2 / 
 
ROCK 
--  Pref(atm)   Cr(1/atm) 
    3.0         0.5E-08 / 
 
SGWFN 
--  ( saturation tables for WATER & GAS ) 
--  ( SGWFN for CORE BODY ) 
--  Sg                    krg                       krw                       Pc (atm) 
0.280000 0.000000 0.050000 1.5297311 
0.281800 0.000100 0.048764 1.5327974 
0.283600 0.000283 0.047556 1.5358777 
0.285400 0.000520 0.046374 1.5389718 
0.287200 0.000800 0.045219 1.5420801 
0.289000 0.001118 0.044090 1.5452025 
0.290800 0.001470 0.042987 1.5483392 
0.292600 0.001852 0.041908 1.5514902 
0.294400 0.002263 0.040854 1.5546557 
0.296200 0.002700 0.039823 1.5578358 
0.298000 0.003162 0.038816 1.5610305 
0.299800 0.003648 0.037833 1.5642400 
0.301600 0.004157 0.036871 1.5674644 
0.303400 0.004687 0.035932 1.5707038 
0.305200 0.005238 0.035014 1.5739583 
0.307000 0.005809 0.034118 1.5772281 
0.308800 0.006400 0.033242 1.5805131 
0.310600 0.007009 0.032386 1.5838136 
0.312400 0.007637 0.031550 1.5871296 
0.314200 0.008282 0.030734 1.5904613 
0.316000 0.008944 0.029937 1.5938087 
0.317800 0.009623 0.029158 1.5971721 
0.319600 0.010319 0.028398 1.6005514 
0.321400 0.011030 0.027656 1.6039469 
0.323200 0.011758 0.026931 1.6073587 
0.325000 0.012500 0.026223 1.6107868 
0.326800 0.013257 0.025532 1.6142314 
0.328600 0.014030 0.024858 1.6176927 
0.330400 0.014816 0.024199 1.6211706 
0.332200 0.015617 0.023556 1.6246655 
0.334000 0.016432 0.022929 1.6281773 
0.335800 0.017260 0.022317 1.6317063 
0.337600 0.018102 0.021719 1.6352525 
0.339400 0.018957 0.021136 1.6388161 
0.341200 0.019825 0.020567 1.6423973 
0.343000 0.020706 0.020012 1.6459960 
0.344800 0.021600 0.019471 1.6496126 
0.346600 0.022506 0.018942 1.6532471 
0.348400 0.023425 0.018427 1.6568997 
0.350200 0.024355 0.017924 1.6605705 
0.352000 0.025298 0.017434 1.6642596 
0.353800 0.026253 0.016956 1.6679673 
0.355600 0.027219 0.016489 1.6716935 
0.357400 0.028197 0.016034 1.6754386 
0.359200 0.029186 0.015591 1.6792025 
0.361000 0.030187 0.015158 1.6829856 
XXXVIII  Numerical Investigation of Spontaneous Imbibition in Water-Wet Systems  
0.362800 0.031199 0.014737 1.6867879 
0.364600 0.032222 0.014326 1.6906095 
0.366400 0.033255 0.013925 1.6944507 
0.368200 0.034300 0.013534 1.6983116 
0.370000 0.035355 0.013154 1.7021924 
0.371800 0.036421 0.012783 1.7060931 
0.373600 0.037498 0.012421 1.7100141 
0.375400 0.038585 0.012069 1.7139553 
0.377200 0.039682 0.011725 1.7179171 
0.379000 0.040789 0.011391 1.7218995 
0.380800 0.041907 0.011065 1.7259028 
0.382600 0.043034 0.010748 1.7299270 
0.384400 0.044171 0.010438 1.7339725 
0.386200 0.045319 0.010137 1.7380392 
0.388000 0.046476 0.009844 1.7421275 
0.389800 0.047643 0.009558 1.7462375 
0.391600 0.048819 0.009280 1.7503694 
0.393400 0.050005 0.009009 1.7545234 
0.395200 0.051200 0.008745 1.7586996 
0.397000 0.052405 0.008488 1.7628982 
0.398800 0.053619 0.008238 1.7671194 
0.400600 0.054842 0.007995 1.7713635 
0.402400 0.056074 0.007758 1.7756306 
0.404200 0.057316 0.007527 1.7799208 
0.406000 0.058566 0.007303 1.7842345 
0.407800 0.059826 0.007085 1.7885717 
0.409600 0.061094 0.006872 1.7929328 
0.411400 0.062371 0.006666 1.7973178 
0.413200 0.063657 0.006465 1.8017271 
0.415000 0.064952 0.006269 1.8061607 
0.416800 0.066255 0.006079 1.8106190 
0.418600 0.067567 0.005894 1.8151021 
0.420400 0.068888 0.005714 1.8196103 
0.422200 0.070217 0.005539 1.8241437 
0.424000 0.071554 0.005369 1.8287027 
0.425800 0.072900 0.005203 1.8332873 
0.427600 0.074254 0.005042 1.8378979 
0.429400 0.075617 0.004886 1.8425347 
0.431200 0.076987 0.004734 1.8471978 
0.433000 0.078366 0.004586 1.8518877 
0.434800 0.079753 0.004443 1.8566043 
0.436600 0.081148 0.004303 1.8613481 
0.438400 0.082551 0.004168 1.8661193 
0.440200 0.083962 0.004036 1.8709181 
0.442000 0.085381 0.003908 1.8757447 
0.443800 0.086808 0.003784 1.8805994 
0.445600 0.088243 0.003663 1.8854825 
0.447400 0.089686 0.003546 1.8903942 
0.449200 0.091136 0.003432 1.8953348 
0.451000 0.092595 0.003322 1.9003045 
0.452800 0.094060 0.003214 1.9053037 
0.454600 0.095534 0.003110 1.9103326 
0.456400 0.097015 0.003009 1.9153914 
0.458200 0.098504 0.002911 1.9204804 
0.460000 0.100000 0.002816 1.9256000 
0.461800 0.101504 0.002723 1.9307504 
0.463600 0.103015 0.002633 1.9359319 
0.465400 0.104534 0.002546 1.9411447 
0.467200 0.106060 0.002462 1.9463893 
0.469000 0.107593 0.002380 1.9516659 
0.470800 0.109134 0.002301 1.9569747 
0.472600 0.110682 0.002224 1.9623162 
0.474400 0.112237 0.002149 1.9676905 
0.476200 0.113799 0.002076 1.9730981 
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0.478000 0.115369 0.002006 1.9785393 
0.479800 0.116946 0.001938 1.9840143 
0.481600 0.118530 0.001872 1.9895236 
0.483400 0.120121 0.001808 1.9950674 
0.485200 0.121719 0.001746 2.0006460 
0.487000 0.123324 0.001686 2.0062599 
0.488800 0.124936 0.001628 2.0119093 
0.490600 0.126555 0.001571 2.0175947 
0.492400 0.128181 0.001517 2.0233164 
0.494200 0.129814 0.001464 2.0290746 
0.496000 0.131453 0.001412 2.0348699 
0.497800 0.133100 0.001363 2.0407026 
0.499600 0.134753 0.001315 2.0465730 
0.501400 0.136414 0.001268 2.0524816 
0.503200 0.138081 0.001223 2.0584286 
0.505000 0.139754 0.001179 2.0644146 
0.506800 0.141435 0.001137 2.0704399 
0.508600 0.143122 0.001096 2.0765049 
0.510400 0.144815 0.001057 2.0826100 
0.512200 0.146516 0.001019 2.0887557 
0.514000 0.148223 0.000982 2.0949423 
0.515800 0.149936 0.000946 2.1011703 
0.517600 0.151656 0.000911 2.1074401 
0.519400 0.153383 0.000878 2.1137522 
0.521200 0.155116 0.000846 2.1201069 
0.523000 0.156856 0.000814 2.1265049 
0.524800 0.158602 0.000784 2.1329464 
0.526600 0.160354 0.000755 2.1394320 
0.528400 0.162113 0.000727 2.1459621 
0.530200 0.163879 0.000699 2.1525372 
0.532000 0.165650 0.000673 2.1591579 
0.533800 0.167428 0.000648 2.1658245 
0.535600 0.169213 0.000623 2.1725377 
0.537400 0.171003 0.000599 2.1792978 
0.539200 0.172800 0.000576 2.1861054 
0.541000 0.174603 0.000554 2.1929611 
0.542800 0.176412 0.000533 2.1998654 
0.544600 0.178228 0.000512 2.2068187 
0.546400 0.180050 0.000492 2.2138217 
0.548200 0.181878 0.000473 2.2208749 
0.550000 0.183712 0.000455 2.2279789 
0.551800 0.185552 0.000437 2.2351342 
0.553600 0.187398 0.000420 2.2423414 
0.555400 0.189251 0.000403 2.2496011 
0.557200 0.191109 0.000387 2.2569139 
0.559000 0.192973 0.000372 2.2642804 
0.560800 0.194844 0.000357 2.2717013 
0.562600 0.196720 0.000342 2.2791770 
0.564400 0.198603 0.000328 2.2867084 
0.566200 0.200491 0.000315 2.2942960 
0.568000 0.202386 0.000302 2.3019405 
0.569800 0.204286 0.000290 2.3096425 
0.571600 0.206192 0.000278 2.3174027 
0.573400 0.208104 0.000267 2.3252219 
0.575200 0.210022 0.000256 2.3331007 
0.577000 0.211946 0.000245 2.3410398 
0.578800 0.213876 0.000235 2.3490399 
0.580600 0.215812 0.000225 2.3571018 
0.582400 0.217753 0.000215 2.3652263 
0.584200 0.219700 0.000206 2.3734140 
0.586000 0.221653 0.000198 2.3816657 
0.587800 0.223612 0.000189 2.3899823 
0.589600 0.225576 0.000181 2.3983646 
0.591400 0.227546 0.000173 2.4068132 
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0.593200 0.229522 0.000166 2.4153292 
0.595000 0.231503 0.000159 2.4239132 
0.596800 0.233490 0.000152 2.4325662 
0.598600 0.235483 0.000145 2.4412890 
0.600400 0.237482 0.000139 2.4500824 
0.602200 0.239486 0.000133 2.4589475 
0.604000 0.241495 0.000127 2.4678851 
0.605800 0.243511 0.000121 2.4768961 
0.607600 0.245531 0.000116 2.4859815 
0.609400 0.247558 0.000110 2.4951421 
0.611200 0.249590 0.000105 2.5043791 
0.613000 0.251627 0.000101 2.5136934 
0.614800 0.253670 0.000096 2.5230860 
0.616600 0.255719 0.000092 2.5325580 
0.618400 0.257773 0.000087 2.5421103 
0.620200 0.259832 0.000083 2.5517441 
0.622000 0.261897 0.000080 2.5614604 
0.623800 0.263967 0.000076 2.5712603 
0.625600 0.266043 0.000072 2.5811451 
0.627400 0.268124 0.000069 2.5911157 
0.629200 0.270211 0.000066 2.6011734 
0.631000 0.272303 0.000063 2.6113194 
0.632800 0.274400 0.000060 2.6215548 
0.634600 0.276503 0.000057 2.6318810 
0.636400 0.278611 0.000054 2.6422991 
0.638200 0.280724 0.000051 2.6528105 
0.640000 0.282843 0.000049 2.6634165 
0.641800 0.284967 0.000046 2.6741183 
0.643600 0.287096 0.000044 2.6849174 
0.645400 0.289230 0.000042 2.6958151 
0.647200 0.291370 0.000040 2.7068128 
0.649000 0.293515 0.000038 2.7179120 
0.650800 0.295666 0.000036 2.7291141 
0.652600 0.297821 0.000034 2.7404207 
0.654400 0.299982 0.000032 2.7518331 
0.656200 0.302148 0.000031 2.7633531 
0.658000 0.304319 0.000029 2.7749822 
0.659800 0.306495 0.000028 2.7867219 
0.661600 0.308677 0.000026 2.7985740 
0.663400 0.310863 0.000025 2.8105401 
0.665200 0.313055 0.000024 2.8226220 
0.667000 0.315252 0.000022 2.8348214 
0.668800 0.317454 0.000021 2.8471400 
0.670600 0.319661 0.000020 2.8595797 
0.672400 0.321873 0.000019 2.8721424 
0.674200 0.324090 0.000018 2.8848300 
0.676000 0.326313 0.000017 2.8976443 
0.677800 0.328540 0.000016 2.9105875 
0.679600 0.330773 0.000015 2.9236614 
0.681400 0.333010 0.000014 2.9368683 
0.683200 0.335253 0.000014 2.9502101 
0.685000 0.337500 0.000013 2.9636891 
0.686800 0.339752 0.000012 2.9773074 
0.688600 0.342010 0.000011 2.9910674 
0.690400 0.344272 0.000011 3.0049713 
0.692200 0.346540 0.000010 3.0190214 
0.694000 0.348812 0.000010 3.0332202 
0.695800 0.351090 0.000009 3.0475702 
0.697600 0.353372 0.000009 3.0620738 
0.699400 0.355659 0.000008 3.0767337 
0.701200 0.357951 0.000008 3.0915524 
0.703000 0.360248 0.000007 3.1065327 
0.704800 0.362550 0.000007 3.1216773 
0.706600 0.364857 0.000006 3.1369890 
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0.708400 0.367169 0.000006 3.1524708 
0.710200 0.369485 0.000006 3.1681255 
0.712000 0.371806 0.000005 3.1839563 
0.713800 0.374133 0.000005 3.1999661 
0.715600 0.376464 0.000005 3.2161582 
0.717400 0.378800 0.000004 3.2325359 
0.719200 0.381140 0.000004 3.2491024 
0.721000 0.383486 0.000004 3.2658612 
0.722800 0.385836 0.000004 3.2828157 
0.724600 0.388191 0.000003 3.2999696 
0.726400 0.390551 0.000003 3.3173264 
0.728200 0.392915 0.000003 3.3348901 
0.730000 0.395285 0.000003 3.3526643 
0.731800 0.397659 0.000003 3.3706531 
0.733600 0.400038 0.000002 3.3888606 
0.735400 0.402421 0.000002 3.4072909 
0.737200 0.404809 0.000002 3.4259482 
0.739000 0.407202 0.000002 3.4448370 
0.740800 0.409600 0.000002 3.4639617 
0.742600 0.412002 0.000002 3.4833270 
0.744400 0.414409 0.000002 3.5029376 
0.746200 0.416821 0.000001 3.5227984 
0.748000 0.419237 0.000001 3.5429143 
0.749800 0.421658 0.000001 3.5632906 
0.751600 0.424084 0.000001 3.5839324 
0.753400 0.426514 0.000001 3.6048452 
0.755200 0.428949 0.000001 3.6260347 
0.757000 0.431389 0.000001 3.6475064 
0.758800 0.433833 0.000001 3.6692664 
0.760600 0.436282 0.000001 3.6913206 
0.762400 0.438735 0.000001 3.7136753 
0.764200 0.441193 0.000001 3.7363370 
0.766000 0.443655 0.000001 3.7593122 
0.767800 0.446122 0.000001 3.7826078 
0.769600 0.448594 0.000001 3.8062307 
0.771400 0.451070 0.000001 3.8301881 
0.773200 0.453551 0.000000 3.8544875 
0.775000 0.456036 0.000000 3.8791366 
0.776800 0.458526 0.000000 3.9041431 
0.778600 0.461020 0.000000 3.9295154 
0.780400 0.463519 0.000000 3.9476931 
0.782200 0.466022 0.000000 3.9476931 
0.784000 0.468530 0.000000 3.9476931 
0.785800 0.471042 0.000000 3.9476931 
0.787600 0.473559 0.000000 3.9476931 
0.789400 0.476080 0.000000 3.9476931 
0.791200 0.478605 0.000000 3.9476931 
0.793000 0.481135 0.000000 3.9476931 
0.794800 0.483670 0.000000 3.9476931 
0.796600 0.486209 0.000000 3.9476931 
0.798400 0.488752 0.000000 3.9476931 
0.800200 0.491300 0.000000 3.9476931 
0.802000 0.493852 0.000000 3.9476931 
0.803800 0.496409 0.000000 3.9476931 
0.805600 0.498970 0.000000 3.9476931 
0.807400 0.501535 0.000000 3.9476931 
0.809200 0.504105 0.000000 3.9476931 
0.811000 0.506679 0.000000 3.9476931 
0.812800 0.509258 0.000000 3.9476931 
0.814600 0.511841 0.000000 3.9476931 
0.816400 0.514428 0.000000 3.9476931 
0.818200 0.517019 0.000000 3.9476931 
0.820000 0.519615 0.000000 3.9476931 
0.821800 0.522215 0.000000 3.9476931 
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0.823600 0.524820 0.000000 3.9476931 
0.825400 0.527429 0.000000 3.9476931 
0.827200 0.530042 0.000000 3.9476931 
0.829000 0.532660 0.000000 3.9476931 
0.830800 0.535281 0.000000 3.9476931 
0.832600 0.537907 0.000000 3.9476931 
0.834400 0.540538 0.000000 3.9476931 
0.836200 0.543172 0.000000 3.9476931 
0.838000 0.545811 0.000000 3.9476931 
0.839800 0.548454 0.000000 3.9476931 
0.841600 0.551102 0.000000 3.9476931 
0.843400 0.553754 0.000000 3.9476931 
0.845200 0.556409 0.000000 3.9476931 
0.847000 0.559070 0.000000 3.9476931 
0.848800 0.561734 0.000000 3.9476931 
0.850600 0.564402 0.000000 3.9476931 
0.852400 0.567075 0.000000 3.9476931 
0.854200 0.569752 0.000000 3.9476931 
0.856000 0.572433 0.000000 3.9476931 
0.857800 0.575119 0.000000 3.9476931 
0.859600 0.577808 0.000000 3.9476931 
0.861400 0.580502 0.000000 3.9476931 
0.863200 0.583200 0.000000 3.9476931 
0.865000 0.585902 0.000000 3.9476931 
0.866800 0.588608 0.000000 3.9476931 
0.868600 0.591319 0.000000 3.9476931 
0.870400 0.594033 0.000000 3.9476931 
0.872200 0.596752 0.000000 3.9476931 
0.874000 0.599475 0.000000 3.9476931 
0.875800 0.602202 0.000000 3.9476931 
0.877600 0.604933 0.000000 3.9476931 
0.879400 0.607668 0.000000 3.9476931 
0.881200 0.610407 0.000000 3.9476931 
0.883000 0.613151 0.000000 3.9476931 
0.884800 0.615898 0.000000 3.9476931 
0.886600 0.618650 0.000000 3.9476931 
0.888400 0.621405 0.000000 3.9476931 
0.890200 0.624165 0.000000 3.9476931 
0.892000 0.626929 0.000000 3.9476931 
0.893800 0.629697 0.000000 3.9476931 
0.895600 0.632469 0.000000 3.9476931 
0.897400 0.635245 0.000000 3.9476931 
0.899200 0.638025 0.000000 3.9476931 
0.901000 0.640809 0.000000 3.9476931 
0.902800 0.643597 0.000000 3.9476931 
0.904600 0.646389 0.000000 3.9476931 
0.906400 0.649186 0.000000 3.9476931 
0.908200 0.651986 0.000000 3.9476931 
0.910000 0.654790 0.000000 3.9476931 
0.911800 0.657598 0.000000 3.9476931 
0.913600 0.660411 0.000000 3.9476931 
0.915400 0.663227 0.000000 3.9476931 
0.917200 0.666047 0.000000 3.9476931 
0.919000 0.668871 0.000000 3.9476931 
0.920800 0.671699 0.000000 3.9476931 
0.922600 0.674532 0.000000 3.9476931 
0.924400 0.677368 0.000000 3.9476931 
0.926200 0.680208 0.000000 3.9476931 
0.928000 0.683052 0.000000 3.9476931 
0.929800 0.685900 0.000000 3.9476931 
0.931600 0.688752 0.000000 3.9476931 
0.933400 0.691608 0.000000 3.9476931 
0.935200 0.694468 0.000000 3.9476931 
0.937000 0.697332 0.000000 3.9476931 
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0.938800 0.700199 0.000000 3.9476931 
0.940600 0.703071 0.000000 3.9476931 
0.942400 0.705946 0.000000 3.9476931 
0.944200 0.708826 0.000000 3.9476931 
0.946000 0.711709 0.000000 3.9476931 
0.947800 0.714596 0.000000 3.9476931 
0.949600 0.717488 0.000000 3.9476931 
0.951400 0.720383 0.000000 3.9476931 
0.953200 0.723282 0.000000 3.9476931 
0.955000 0.726184 0.000000 3.9476931 
0.956800 0.729091 0.000000 3.9476931 
0.958600 0.732002 0.000000 3.9476931 
0.960400 0.734916 0.000000 3.9476931 
0.962200 0.737834 0.000000 3.9476931 
0.964000 0.740756 0.000000 3.9476931 
0.965800 0.743682 0.000000 3.9476931 
0.967600 0.746612 0.000000 3.9476931 
0.969400 0.749546 0.000000 3.9476931 
0.971200 0.752483 0.000000 3.9476931 
0.973000 0.755425 0.000000 3.9476931 
0.974800 0.758370 0.000000 3.9476931 
0.976600 0.761319 0.000000 3.9476931 
0.978400 0.764271 0.000000 3.9476931 
0.980200 0.767228 0.000000 3.9476931 
0.982000 0.770188 0.000000 3.9476931 
0.983800 0.773152 0.000000 3.9476931 
0.985600 0.776120 0.000000 3.9476931 
0.987400 0.779092 0.000000 3.9476931 
0.989200 0.782068 0.000000 3.9476931 
0.991000 0.785047 0.000000 3.9476931 
0.992800 0.788030 0.000000 3.9476931 
0.994600 0.791017 0.000000 3.9476931 
0.996400 0.794008 0.000000 3.9476931 
0.998200 0.797002 0.000000 3.9476931 
1.000000 0.800000 0.000000 3.9476931 
/ 
-- ( SGWFN for 'WATER TANK' ) 
--  Sg                    krg                       krw                   Pc (atm) 
0.280000 0.000000 0.050000          1 
1.000000 0.800000 0.000000          3 
/ 
/ 
 
RPTPROPS 
2*1 0 2*1 0 2*1 / 
 
 
REGIONS  
----------------------------------------------------------------------------- 
----- THIS SECTION DEFINES REGIONS OF SYSTEM ------ 
-----------------------------------------------------------------------------  
 
SATNUM 
-- ( indicates number of saturation tables ) 
50*1 
1*2 / 
 
RPTREGS 
0 1 0 1 / 
 
 
SOLUTION  
------------------------------------------------------------------------------------  
----- THIS SECTION DEFINES INITIAL STATE OF SYSTEM ----- 
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------------------------------------------------------------------------------------  
 
RPTSOL 
  'RESTART = 2'       --  ( initial Restart file is created ) 
  'FIP=1'             --  ( reports initial fluids in place for whole field ) 
/ 
 
SWAT 
50*0.0 
1*1.0/ 
 
PRESSURE 
51*1.01 
/ 
 
RPTSOL 
1 0 1 1 0 0 2 7*0 0 0 0 0 / 
 
 
SUMMARY  
----------------------------------------------------------------------------------  
----- THIS SECTION REQUESTS FOR OUTPUT FORMATS ----- 
----------------------------------------------------------------------------------  
 
ALL 
-- ( requests for a basic set of results ) 
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EXCEL 
-- ( requests output to be in MS Excel format ) 
 
RUNSUM 
-- ( requests a neat tabulated output of SUMMARY file data; goes into a separate RSM file ) 
 
BWSAT 
-- ( indicates average water saturation for each block ) 
--  X       Y           Z 
1 1 51 / 
1 1 50 / 
1 1 49 / 
1 1 48 / 
1 1 47 / 
1 1 46 / 
1 1 45 / 
1 1 44 / 
1 1 43 / 
1 1 42 / 
1 1 41 / 
1 1 40 / 
1 1 39 / 
1 1 38 / 
1 1 37 / 
1 1 36 / 
1 1 35 / 
1 1 34 / 
1 1 33 / 
1 1 32 / 
1 1 31 / 
1 1 30 / 
1 1 29 / 
1 1 28 / 
1 1 27 / 
1 1 26 / 
1 1 25 / 
1 1 24 / 
1 1 23 / 
1 1 22 / 
1 1 21 / 
1 1 20 / 
1 1 19 / 
1 1 18 / 
1 1 17 / 
1 1 16 / 
1 1 15 / 
1 1 14 / 
1 1 13 / 
1 1 12 / 
1 1 11 / 
1 1 10 / 
1 1 9 / 
1 1 8 / 
1 1 7 / 
1 1 6 / 
1 1 5 / 
1 1 4 / 
1 1 3 / 
1 1 2 / 
1 1 1 / 
/ 
 
RPTSMRY 
--  ( tells ECLIPSE to print a table of variables to SUMMARY file during current run; 0 - off; 1 - on ) 
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RUNSUM 
 
 
SCHEDULE 
----------------------------------------------------------------------------------------------------------- 
----- THIS SECTION DEFINES TIME-DEPENDENT VARIABLES OF SYSTEM ----- 
-----------------------------------------------------------------------------------------------------------  
 
RPTSCHED 
'RESTART=2' 'SGAS' 'SWAT' 'PRES' / 
/ 
 
WELSPECS 
-- ( define well specifications ) 
-- NAME  GROUP  I  J  REFDEPTH(cm)  PHASE 
   PROD G1 1 1 7.65 GAS / 
/ 
COMPDAT 
-- ( well completion specification data) 
--  NAME  I  J  K1  K2  OPEN/SHUT  WELLBOREDIAMETER(cm)   
    PROD 1 1 1 50 OPEN 2* 0.0001/ 
/ 
WCONPROD 
-- ( controls for PRODUCTION well ) 
--  NAME  OPEN/SHUT   
    PROD OPEN / 
/ 
 
TUNING 
0.00002 0.001 0.00002 / 
/ 
/ 
 
TSTEP 
22*0.067 / 
 
END 
